

















“So then U.S. Steel invested $770 million in us” 


An American baby is born every eight seconds—11,000 every day—4,000,000 a year. Our population will 
soon be over 200 million. And as our population grows, our production must grow. We'll need millions of 
new homes . . . new schools and hospitals . . . new highways to carry 75 million motor vehicles by 1970 
. .. not to mention countless appliances and conveniences that haven’t even been invented yet! 

No temporary setback can stop the growing needs of our population. That’s why United States Steel 
has gone ahead with expenditures totaling $770 million to provide more and better steels for tomorrow’s 


citizens. This is the practical way that we’ve demonstrated our faith in the future. 
USS is a registered trademark 


(iss) United States Steel 





REFRIGERATOR 
WITH NO MOVING PARTS 


The vortex tube is a refrigerating 
machine with no moving parts. Com- 
pressed air enters the vortex chamber 
pictured here and spins rapidly down 
an attached tube. Pressure and tem- 
perature differences build up, forcing 
cold air out one end and hot air out 
the other. Requiring no maintenance, 
a large vortex tube developed by 
AiResearch scientists and engineers 
can be permanently sealed in nuclear 
reactors, and has many uses in indus- 
tries with spot cooling problems. 
Many such pioneering develop- 


ments are underway in challenging, 
important work at AiResearch in 
missile, electronic, nuclear, aircraft 
and industrial fields. 

Specific opportunities exist in sys- 
tem electronics and servo control 
units; computers and flight instru- 
ments; missile auxiliary power units; 
gas turbine engines, turbine and air 
motors; cryogenic and nuclear sys- 
tems; pneumatic valves; industrial 
turbochargers; air conditioning and 
pressurization; and heat transfer, 
including electronic cooling. 


ENGINEERING AT GARRETT 
OFFERS YOU THESE ADVANTAGES: 
e An eight-month orientation pro- 
gram is offered prior to permanent 
assignment to help you aid us in 
determining your placement from 
a variety of analytical or develop- 
ment projects. 
e Intensified engineering is con- 
ducted by small groups where 
individual effort and accomplish- 
ment is quickly recognized provid- 
ing opportunity for rapid growth 
and advancement. 
e Advanced education is available 
through company financial assist- 
ance at nearby universities. 


e For full information write to Mr. G. D. Bradley 
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9851 S. SEPULVEDA BLVD., LOS ANGELES 45, CALIFORNIA 
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Lucretius...on discovering truth 


"*...no fact is so simple that it is not harder to believe than 
to doubt at the first presentation. Equally, there is nothing 
so mighty or so marvellous that the wonder it evokes does 
not tend to diminish in time. Take first the pure and un- 
dimmed lustre of the sky and all that it enshrines: the 
stars that roam across its surface, the moon and the sur- 
passing splendor of the sunlight. If all these sights were 
now displayed to mortal view for the first time by a swilt 
unforeseen revelation, what miracle could be recounted 
greater than this ? What would men before the revelation 


THE RAND CORPORATION, 


have been less prone to conceive as possible? Nothing, 
surely, So marvellous would have been that sight~a sight 
which no one now, you will admit, thinks worthy of an 
upward glance into the luminous regions of the sky. So 
has satiety blunted the appetite of our eyes. Desist, there- 
fore, from thrusting out reasoning from your mind because 
of its disconcerting novelty. Weigh it, rather, with dis- 
cerning judgment. Then, if it seems to you true, give in. 
If it is false, gird yourself to oppose it.” 

—Lucretius, [st Century B.C. 


SANTA MONICA, CALIFORNIA 


A nonprofit organization engaged in research on problems related to national security and the public interest 
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STRAIGHT TALK TO ENGINEERS 
from Donald W. Douglas, Jr. 


President, Douglas Aircraft Company 


I’ve been asked whether non-aeronautical engi- 
neers have good prospects for advancement in 
the aviation industry. 

The answer is yes, definitely! At Douglas many 
of our top supervisory people have moved up from 
other engineering specialties. The complexity of 
modern aircraft and missiles requires the greatest 
variety of engineering skills known to industry. 

For example, we now have pressing needs for 
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mechanical, structural, electrical and electronics 
engineers in addition to aerodynamicists, physi- 
cists and mathematicians. Whatever your back- 
ground in the engineering profession may be, 
there are prime opportunities in the stimulating 
aircraft and missiles field. 
Please write to Mr. C. C. LaVene 
Douglas Aircraft Company, Box B-600 
Santa Monica, California 
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Lranslate your 
imagination 
into action at 
General Motors 


GM positions now available in these fields for 
men holding Bachelor's, Master's and Doctor's 
degrees: Mechanical Engineering ¢ Electrical 
Engineering © Industrial Engineering « Metal- 
lurgical Engineering * Chemical Engineering 
Aeronautical Engineering * Ceramic Engineering 
Mathematics ¢ Industrial Design ¢ Physics 
Chemistry ¢ Engineering Mechanics 
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Modern production methods demand new concepts in automatic 
controls for process machinery. Here a development in servo- 


mechanism control undergoes performance evaluation tests. 


Here at the Technical Center and throughout GM’s 35 divisions 
and 126 plants, engineers and scientists have an opportunity 
to turn their imagination into action .. . see their ideas grow 
into reality. For General Motors is involved with the entire field 
of science and engineering. Whatever your interests .. . auto- 
mobiles or astrodynamics, motors or missiles . . . there’s a place 
at GM where you and your imagination might fit in. 

Along with the unlimited search for new paths of progress, 
you'll find opportunity for unlimited personal progress. Gen- 
eral Motors is always searching its own organization for talented 
men who can be promoted to supervisory and executive positions. 

If you are interested in a fascinating future and have an urge 
to see your imagination translated into action . . . write Gen- 
eral Motors, Personnel Staff, Detroit 2, Michigan. 


GENERAL MOTORS ‘ear ns: 
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REINTERPRETING THE ENROLLMENT 
STATISTICS 


With the 1959 matriculation fig- 
ures soon to be released, we are 
reminded of a report recently com- 
piled by the American Society for 
Engineering Education. It states 
that despite “still-critical” demands 
for engineering talent, the 1958 
enrollment in American engineer- 
ing schools showed a significant de- 
cline. Nationally, there was an 11.6 
per cent decrease in freshman en- 
gineering enrollment, a 6 per cent 
decrease in sophomore enrollment, 
and a 4 per cent decrease in junior 
enrollment. 

These statistics are no surprise. 
Here at Cornell, upper class enroll- 
ment has remained substantially 
unchanged, but the number of 
freshmen has decreased significant- 
ly, along with the number of 1959 
engineering applicants. 

The concern of educators about 
the matter is no secret. Our country 
always needs well-trained, clear- 
thinking graduates; particularly 
those with technical backgrounds. 

Engineering educators give three 
main reasons for high school stu- 
dents’ slackening interest in engi- 
neering. The first of these is the 
1957 recession. At that time, a 
number of engineers lost their jobs, 
and the situation was quick to at- 
tract notice. The public, however, 
was not as well informed of the 
fact that these people were soon 
rehired. Then too, the recession 
made many question the reliability 
of reports about a serious engineer- 
ing shortage. 

The second reason given for the 
downward trend in engineering 
enrollment is the present fanatical 
interest in “science.” Ever since the 
Russians fired their first satellite, 
any high school student who had 
completed a few basic science and 
mathematics courses felt that. sci- 
ence was his calling. Engineering? 
No! The scientists are the ones who 
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launch all the missiles! We would 
really like to know where such in- 
dividuals feel science stops and 
engineering begins. If there is such 
a tremendous distinction between 
the two, try to separate them and 
see how many missiles we launch! 

The final reason given for wan- 
ing interest in engineering training 
is its difficulty. We cannot argue 
with those who decide against en- 
gineering studies because of the 
hard work involved. There is little 
question that an engineering cur- 
riculum is a difficult one. The work 
required must be exacting in order 
to train the individual in the rigor- 
ous disciplines of engineering 
thought. 

We fully agree that these three 
factors have been major causes for 
present enrollment decreases. But 
those who discard engineering for 
the first two reasons are making a 
mistake. A person is perfectly justi- 
fied in rejecting engineering be- 
cause he feels it is too difficult for 
him, but anyone who eliminates it 
as a possible career because the 
shortage no longer exists or be- 
cause he wants to be a “scientist” 
far removed from engineering 
doesn't know what engineering 
education is and probably has a 
confused picture of what consti- 
tutes a scientist. 

Engineering education is not 
merely a form of vocational train- 
ing. If it were, there would be 
some justification for rejecting it 
when the shortage ends. The cur- 
riculum, however, gives much 
more. It is primarily training in the 
art of rigorous, analytical thinking. 
The engineer is confronted with 
problems that must be solved cor- 
rectly the first time. An error in 
judgment on his part could have 
drastic results; consequently, he 
must be able to gather the perti- 
nent facts, analyze them, and arrive 
at a correct decision. 


The usefulness of such ability is 
not limited to engineering fields. 
These ordered methods for reach- 
ing correct conclusions are certainly 
vital to a scientist’s success. Indus- 
try could not function if it did not 
have individuals versed in these 
disciplines to fill positions of high 
responsibility. A good engineer is 
familiar with a clear, logical method 
for attacking problems and pursu- 
ing them to completion. Few un- 
dergraduate courses provide such 
training. Its value is indisputable. 

If the decrease in engineering 
enrollment meant that we were go- 
ing to have fewer capable gradu- 
ates, there would indeed be reason 
for serious concern. We believe, 
however, that individuals who 
apply to engineering schools today, 
while they may be fewer in num- 
ber, have a clearer concept of what 
to expect from the course. Those 
who would pursue the course for 
purely economic reasons and those 
who feel they want “science” with- 
out engineering do not seek en- 
trance into engineering programs. 
The remaining applicants should, 
therefore, have sound motives for 
seeking an engineering degree. 

At present we must concentrate 
on informing prospective engineers 
of the training that is really in- 
volved. High school guidance coun- 
selors, admissions officers, alumni, 
and industry must convey this in- 
formation. If they are successful, 
we can be even more confident 
that engineering applicants will be 
properly motivated. If the Class of 
64 has a clearer concept of the in- 
tellectual challenge before it, a 
large entering freshman class _ will 
be unnecessary because the attri- 
tion rate will surely decline. More- 
over, we will be able to look for- 
ward to graduating a group of ex- 
ceptionally high quality students, 
better equipped to enrich the so- 
ciety in which they live.—A.S.R. 
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some bridges 





must be crossed 


DOVE you come/to them 


Clearly there are such bridges. You started to cross one 
of them when you tackled a college education. By electing 
an engineering course, you took additional steps. It’s the 
bridge that takes you from education to profession. 


Perhaps several companies on the “profession side” will 
beckon to you. Naturally, you'll try to choose the firmest and 
highest ground accessible to a beginner—ground that leads 
to more challenge, more responsibility and greater reward. 
Companies situated on the firmest and highest ground 

will be those whose products or services enjoy a lively and 
continuing demand, 


As a leader in a broad and exciting field, Sikorsky Aircraft 
is just such a company. And as an organization with its 

eye on the future, each year Sikorsky has openings for young 
men who show promise of being able to make outstanding 
contributions to the development of direct-lift aircraft. 


If you’re almost across that education-to-career bridge, write 
for information about careers with the world’s pioneer 
helicopter manufacturer. Please address Mr. Richard L. Auten, 
Personnel Department. 
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COMMAND DESTRUCT 


The flight testing of second generation missiles—more versatile 
and powerful than their predecessors—requires a device for sure 
termination of any missile flight that might endanger the test 
range or surrounding area. 


Ramo-Wooldridge engineers, under a United States Army Signal 
Corps contract, have successfully developed and delivered the 
first sub-miniature, completely transistorized radio “command 
destruct” receivers. 


Specifically designed for missile flight safety operations, the 
receiver (AN/DRW-11) can actuate safety mechanisms or destruct 
devices. It has three command channels, each of which actuates 
a control relay. 


The “command destruct” receiver accepts frequency modulated 
signals in the UHF radio command control band. It is designed 
to operate with closer radio frequency and command frequency 
channel spacing than has been used to date, thus making possible 
more efficient use of the available radio spectrum. 


Compact and rugged, the radio receiver’s modular construction 
permits rapid oan complete accessibility to all components. One 
module houses the basic receiver. The second module contains 
the three command channels and relays. This integrated package 
occupies 115 cubic inches, and weighs 4 pounds. The receiver 
requires no pressurization and operates reliably under the adverse 
environmental conditions encountered in missile flight testing. 


Engineers and scientists interested in being associated with some 
of the nation’s most advanced research and development programs 
are invited to acquaint themselves with current opportunities at 
Ramo-Wooldridge. The areas of activity listed below are those 
in which R-W is now engaged and in which openings exist. 


Missile electronics systems 

Advanced radio and wireline communications 
information processing systems 

Electronic language transiation 

Anti-submarine warfare 

Air navigation and traffic control 

Analog and digital computers 

infrared systems 

Electronic reconnaissance and countermeasures 
Basic and applied physical research 


For a copy of our brochure, An Introduction to Ramo-Wooldridge, 
or other additional information write to Mr. Donald L. Pyke. 


RAMO-WOOLDRIDGE 


P. O. BOX 90534, AIRPORT STATION « LOS ANGELES 45, CALIFORNIA 


a division of Thompson Ramo Wooldridge Inc. 
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Extensive Systems of Modern Air 
Traffic Control Provide 


e e 


SAFETY IN THE SKIES 


“Request landing instructions,” 
announced the loudspeaker. One of 
the three men at the control panel 
switched on his microphone and 
began the series of orders to the 
unknown pilot, another scanned 
the skies for the plane’s approach. 
In a matter of minutes the craft 
touched down on the runway, and 
the two exchanged a satisfied glance 
and began the brief wait for the 
loudspeaker’s next summons. 

The scene might have taken 
place at any of the nation’s hun- 
dreds of airports. It is a tiny link 
in a steadily lengthening chain, the 
business of air traffic control, Con- 
trol of the airw ays covers a sweep- 
ing field, and it ranges from a pi- 
lot’s glance from his cockpit window 
to huge control centers for metro- 
politan areas. 

The history of air traffic control 
is almost as old as that of commer- 
cial aviation itself. Flying as a 
commercial venture began in 1926, 
and by 1930 a young engineer 
named Herbert Hoover had suc- 
ceeded in developing one of the 
most valuable aids to pilots—the 
two-way radio. During the thirties, 
airplane design made huge strides; 
more powerful engines were built, 
streamlining was introduced; air- 
craft gained in size and speed. The 
triumph of the new technology was 
the DC-3. Its advent in 1936 gave 
commercial aviation the boost it 
needed to make it a paying enter- 
prise. Passenger service mush- 
roomed practically overnight with 
the introduction of this plane that 
could carry so many people with 
such spe ed. The confidence of the 





<— 

The Idlewild Control Tower guides air 

traffic entering and leaving the airport 

by use of electronic aids, the newest of 

which were recently installed in the 
dome atop the tower. 


The Port of N.Y, Authority 
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by Mary Ann Huber, CE 


public in aviation grew because of 
new safety devices, among which 
were the automatic pilot and de- 
icing systems on the leading edges 
of the planes’ wings. 

Ground control of the airways 
had its roots in the incident of a 
near-collision of two planes in a 
fog over the airport at Newark, 
New Jersey. Several aircraft com- 
panies instituted a system which 
enabled them to see that no two 
planes planned to occupy the same 
air space at the same time. From 
Newark, the idea rapidly spread 
in succession to Chicago and Cleve- 
land. At this point, the government 
stepped in and took over the reins 
of control. 

The next milestone in the growth 
of air traffic control came with 
World War II. Airports not only 
had to handle the ordinary civilian 
traffic, but also had to shoulder 
the added burden of military air- 
craft. The number of _ planes 
handled per hour tripled in a short 
period of time. Still, not many ad- 
vances had been made in the me- 
chanics of controlling this increas- 
ing traffic, and while the volume 
grew rapidly, control lagged be- 
hind. Instrument approaches were 
made on a four-course, low fre- 
quency radio range. Several relays 
of messages through airline offices 
and government stations were nec- 
essary to secure clearance to land. 
This situation severely restricted 
the number of landings per hour. 

The first step toward alleviating 
congestion at airports was taken 
by delegating authority over ap- 
proaching planes directly to the 
airport control tower. The tower 
personnel were assigned certain 
radio frequencies which enabled 
them to stay in direct communica- 
tion with the pilot the entire ap- 
proach period. This new “approach 
control” resulted in the reduction 


of the time for an instrument land- 
ing from fifteen minutes to only 
three. Although this solved the 
problem for the pilots, it created a 
new problem for the route control 
centers. Airports could now land 
planes faster than the centers, with 
their disorganized communications 
systems, could give them clearance 
to enter the airport area. This was 
remedied by supplying these cen- 
ters also with direct radio to the 
aircraft. 


Radar Aids Control 

Air traffic control took another 
giant step with the introduction of 
radar. Although it was first used 
merely as a landing aid, the instru- 
ment’s potentialities as a medium 
for control soon became evident. 
Since it gave observers a visual 
means of control, radar enabled 
planes to switch spacing from a 
time basis (two or three minutes 
apart) to a distance basis. This de- 
velopment also created problems 
for approach control, which. still 
operated under older systems. It 
Was necessary to reduce the spac- 
ing of planes entering the terminal 
area from ten minutes to three 
miles, Radio transmitters were set 
up to relay directions for orderly 
arrival from the Air Route Control 
Centers to planes 100 miles from 
the airport. 

The use of radar enormously re- 
duced the delays in landing air- 
craft at busy terminals. It elimi- 
nated much of the need for stack- 
ing at airports, but the need for 
this procedure still exists around 
many metropolitan areas. “Stack- 
ing” means that incoming planes 
are directed to fly in circles at dif- 
ferent altitudes until the runways 
are ready to handle them. As the 
plane at the lowest altitude is 
landed, the planes above it move 
down one level. In the busiest 
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areas, there may be as many as 
twelve planes in a stack, with an 
auxiliary stack a few miles away. 
This results in PoP hont of up to forty 
minutes in the landing procedure. 

Another inconvenience — being 
eliminated as a result of radar in- 
stallation is the practice of “fix- 
posting.” Under this system, air- 
planes report their positions as they 
pass over certain points, and these 
“fixes” are posted on flight progress 
strips. A plane can not receive 
clearance to pass over a given 
check point until ten minutes has 
elapsed since the passage of the 
last plane, unless it is flying at at 
least a 1000-foot difference in alti- 
tude. The advantage of radar con- 
trol becomes obvious when the in- 
crease in airplane speed is con- 
sidered. Since 1940, the cruising 
speed of planes has increased from 
220 to 600 miles per hour. Al- 
though the time limit has remained 
constant, the new speeds have re- 
sulted in an increase of sixty miles 

spacing between planes. With 
radar control, this distance can be 
reduced to a practical one of about 
five miles. 

The sequence of aircraft land- 
ings has also been altered by radar. 


* 


Formerly, if a fast plane passed a 
“fix” after a slower craft, but passed 
the slower plane before coming to 
the next “fix,” it would be forced 
to wait until the slower plane 
passed the second “fix” before pro- 
ceeding on its own approach. Now, 
however, swifter planes are routed 
by the center around slower craft 
and the landings take place in 
natural sequence. 


Bad-Weather Approaches 

Air traffic in weather not suitable 
for VFR (Visual Flight Rules) 
traffic is greatly aided by electronic 
navigation aids, Their use may per- 
haps be best illustrated by follow- 
ing the approach of a commercial 
airliner in inclement weather. In 
approaching the New York area, 
the plane stays under the jurisdic- 
tion of the Air Route Traffic Con- 
trol Center until it is turned over to 
the Approach Controller in the 
control tower of the airport at 
which it is scheduled to land. The 
tower directs the plane down to the 
proper approach alitude for the in- 
strument runway. 

The instrument runway is 
equipped with two radio transmit- 
ters which guide the pilot to a safe 


FAA 


Controllers seated at different positions in Idlewild Control Tower maintain separate 
control of ground and airborne traffic. 
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landing. The first of these is called 
the localizer, Located on the far 
end of the runway, the localizer 
defines a vertical plane in space. 
The pilot is able to align himself 
with the center of the runway by 
observing a needle on one of the 
dials of his control panel. The dial 
also has a needle which indicates 
his position in relation to a radio 
beam defining the glide path, 
which is transmitted from a point 
slightly to the side of the instru- 
ment runway. This beam is _per- 
pendicular to the localizer’s plane 
and slopes upward from the run- 
way from a point about 1000 feet 
from the end at an angle of about 
three degrees with the horizontal. 
The glide path beam and the lo- 
calizer intersect, the locus of their 
intersection being straight line 
which defines the proper path of 
approach for incoming planes. 

These radio aids to the pilot are 
supplemented by the approach 
light system. The lights extend 
about 3,000 feet from the end of 
the runway’s center. A pilot flying 
on instruments, when completing 
his approach, can verify his posi- 
tion with respect to the runway by 
aligning his plane with the ap- 
proach lights when he breaks 
through the overcast. Another 
cross-check on the pilot's alignment 
with the runway is provided by 
ground radar monitoring approach- 
es. A traffic controller watching the 
monitor can warn the pilot by 
radio if he is not landing correctly. 
The pilot may, if conditions de- 
mand, make his landing entirely 
by guidance from the controller. 
This is not done, however, except 
on request of the pilot. This system 
is known as GCA _ (Ground-Con- 
trolled Approach). 

GCA also aids departing aircraft. 
They are watched by radar as they 
climb from the airfield toward their 
designated’ flight path. Care is 
taken not to have the altitude 
levels of departing aircraft conflict 
with those being used by landing 
planes, and to provide for the 
proper spacing of aircraft using the 
same routes. 

In spite of these aids to traffic 
control, air safety still poses a prob- 
lem around busy metropolitan 
terminals. An average of about 
three thousand flights per day are 
handled in the New York area 
alone on Instrument Flight Rules. 
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It is impossible to estimate the 
number of military, commercial, 
private and business planes in the 
vicinity which fly under Visual 
Flight Rules. There are fifteen times 
as many private and business craft 
alone than there are commercial 
airliners. All this adds up to 
crowded skyways and hazardous 
flying conditions. Air safety statis- 
tics report an average of four near- 
misses per day. Statistics make no 
mention of many more near-acci- 
dents that are never reported. More 
shocking still is the fact that during 
the period 1950 to 1956, there were 
eighty-one mid-air collisions in the 
United States, most of them occur- 
ring near terminal points. And yet, 
the most disastrous collision of that 
period took place over the Grand 
Canyon. This suggests that the job 
of air traffic control must extend 
beyond the region of the airports. 
At present it is estimated that for 
maximum safety no more than 
3,000 airplanes should be aloft in 
the country at a given time. A step 
toward improved traffic control is 
being taken with the installation of 
long range radar, which scans an 
area 80 to 100 miles in radius. 
Eventually the coverage afforded 
by these stations will overlap, pro- 


viding complete control, even for 
the remotest areas of the airways. 


Future Outlook 

The next few years will bring 
tremendous advances in aviation 
with the introduction of jet planes 
on commercial flights. What new 
problems does this create for air 
traffic control, and what solutions 
are in view? 

Probably within a decade, about 
a dozen major United States cities 
will have to ready their airports 
for the influx of jet traffic. It is not 
likely that many more cities will be 
affected, since jet transportation re- 
quires much fuel and equipment 
that makes it impractical for short 
runs. The cities that will be affected 
include some that already have 
problems in air traffic control. The 
advent of the jet age will mean 
not so much an increase in the 
number of planes handled as in the 
load of each plane. This will make 
it necessary for planes spending 
extra time in loading procedures 
and will create a problem of find- 
ing adequate “parking space” for 
the huge craft. Thus, the future 
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Radar aids air terminal traffic. 


At the left, 
the orientation of aircraft making instrument landings. 


FAA 


Precision Approach Radar (PAR) checks 


At the right, Airport Surveil- 


lance Radar (ASR) keeps watch on airborne traffic. 


will demand larger airports to 
handle jet traffic. At present, how- 
ever, the number of landings and 
takeoffs per hour is limited more 
by the control system than by the 
actual size of the airport, except in 
a few extreme cases such as Chi- 
‘ago’s Midway, the country’s busi- 
je airport, New York’s La Guardia, 
and Washington’s National Airport. 

There are several solutions for 
increasing the capac ity of the air- 
ports themselves in hi indling Hights. 
One is the lengthening of existing 
runways to provide for the larger 
planes which will need more room 
for landings and takeoffs. Another 
is the construction of turnoffs. As 
soon as a plane lands and slows to 
the proper speed, it should be able 
to turn off the main runway on to 
a taxi ramp and permit immediate 
use of the runway by other planes. 
Without these auxiliary taxi areas 
and frequent turnoffs to them, run- 
ways must remain tied up while 
aircraft move along them to get 
to and from the terminal buildings. 

Another solution for airports with 
extremely crowded conditions is 
the construction of runways parallel 
to those existing presently. This 


would permit two planes to make 
use of favorable wind conditions 
for landing and takeoff at the same 
time. If this construction would not 
prove adequate, the only alterna- 
tive would be the construction of 
new airports in the extremely con- 
gested Such construction, 
however, often meets with protest 
from neighboring communities and 
will probably prove unnecessary in 
most areas. At present, the best 
equipped airports can handle about 
forty-five landings and takeofts per 
hour on instruments, and with im 
provements in their facilities, could 
probably handle as many as fifty. 
Improve ments in instrume ntation 
may also he ‘Ip to ease the growing 
traffic jam. New electronic compu- 
ters will take much of the burden 
of mathematical computations from 
ground con 


areas. 


the shoulders of the 
trollers. 

One of the large hurdles yet to 
be overcome is the development of 
a practical device for avoiding mid- 
air collisions. It is a popular mis- 
conception that the radar with 
which many planes are equipped 
pilot to spot an ap- 


(Continued on Page 27) 
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MAGNETOHYDRODYNAMICS 


by Jeremy Shapiro, ME ’61 


The Cornell Graduate School of 
Aeronautical Engineering has_re- 
cently been investigating the sub- 
ject of magneto-aerodynamics and 
its possible application to many 
fields, among them the field of mis- 
sile development. A big problem 
facing the missile experts today is 
the tendency for the noses of inter- 
continental ballistic missiles to melt 
upon re-entering the earth’s atmos- 
phere. 

The researchers here have worked 
on the principles behind a_tech- 
nique by which a magnetic field 
established in the nose can cause 
the flow of hot air to be diverted 
from the missile’s surface. To the 
hot air, the nose would appear 
blunt. Theoretically, this branch of 
fluid mechanics is given the name 
“magnetohydrodynamics” and __ it 
deals with the “motion of electri- 
cally-conducting fluids in the pres- 
ence of magnetic or electric fields.” ! 
The field unites the study of gas 
dynamics with the study of electro- 
magnetism, Until recently, these 
two completely developed disci- 
plines were independent, but the 
study of magnetohydrodynamics is 
bringing about their interrelation. 


Re-entry Problem Solved 

Upon re-entering the atmos- 
phere, an intercontinental ballistic 
missile reaches speeds of Mach 15 
to Mach 20, At speeds this high, 
the shock waves produced create 
regions of high pressure and very 
high temperature which heat the 
air that comes in contact with the 
nose of the missile. The friction 
with the increasingly dense atmos- 
phere heats the rocket, and simul- 
taneously decreases the accelera- 
tion. At a certain region of altitude, 


'W. R. Sears, Magnetohydrodynamics 
in Aeronautics. Presented at the Ameri- 
can Rocket Society’s Thirteenth Annual 
Meeting, Hotel Statler, New York, New 
York, November 17-21, 1958. 
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these combined effects produce a 
temperature maximum, sometimes 
as high as 20,000 F at the missile 
nose. Such temperatures are suf- 
ficient to cause failure of many 
structural materials, In this state, 
the molecules of the air become 
ionized, and it is this phenomenon 
that the scientists hope can be used 
in diverting the hot air. A properly 
oriented magnetic field would cause 
a force to be exerted on the ionized 


air stream and thereby prevent the 
hot air from contacting the surface. 
There would be produced a cool- 
ing layer between the surface and 
the air stream. The basic principle 
involved is a simple one; Force 
equals Velocity (of a charged par- 
ticle) cross B (the vector describ- 
ing a magnetic field). the other 
alternatives that might supersede 
this solution to the re-entry prob- 
lem are; first, the development of a 


Avco Research Lab 


One conceptual design of a re-entry vehicle would employ magnetohydrodynamic 
braking. 
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material that would withstand the 
high temperature; or, the use of a 
porous material through which 
coolant could be forced. 


Magnetohydrodynamics to 
Regulate Power 

Another interesting application 
of “magnetohydrodynamics” is the 
one scientists hope can solve the 
problem of excessive heating where 
the hot, expanding gases are 
nozzled in a rocket. The gases come 
in contact with the surface of the 
rocket at the “nozzle” and could 
cause melting at this point. Since 
the gases reach high temperatures 
in the tank and become ionized, the 
degree of ionization could be in- 
creased to sufficient magnitude by 
including sodium in the tank. Then, 
by placing a magnetic field at the 
desired section of the rocket, the 
gases could be “nozzled” by the 
field instead of the rocket shell. 
There would then exist a region of 
still, cooling air between the sur- 
face and the fast moving gases. By 
regulating the magnetic field, the 
shape of the “nozzle” could be reg- 
ulated, and this would be a means 
of accelerating and decelerating 
the rocket. 


Experimental Work at Cornell 


Experiments conducted at the 
aeronautical school were on an 
elementary level and were designed 
to determine the magnetic control 
possible on plasma, or ionized gas. 
A carbon arc with one pole in the 
shape of a ring was immersed in 
water and the arc formed. The 
water reached very high tempera- 
tures and an ionized jet of steam 
shot up through the ring into the 
open air. At this point, the jet was 
exposed to a magnetic field and it 
was found that the deflection could 
be satisfactorily controlled. 


Low Thrust Accelerators 

Private industry has also been in- 
vestigating the possible applica- 
tions of magnetohydrodynamics. In 
the AVCO Research I Laboratory at 
Everett, Massachusetts, experi- 
mental low thrust electromagnetic 
accelerators have been developed. 
One design consists of two con- 
centric cylinders with the space be- 
tween their walls initially evacu- 
ated. The working gas is then 
admitted between the walls and 
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This experiment conducted at the Graduate School of Aeronautical Engineering 
provided definite evidence that magnetohydrodynamics can be used to control plasma. 


subjected to a high voltage which 
breaks down the gas. It is then ac- 
celerated by a condenser bank to 
speeds sufficient to cause shock 
waves. High temperatures are pro- 
duced ahead of the accelerated 
plasma. A magnetic field imposed 
in the axial direction creates a uni- 
form distribution of the ionized gas 
and prevents it from touching the 
cylinder walls. A portion of the 
total matter enclosed is accelerated 
to high velocities and ejected. The 
gases that have been used in the 
experiment are hydrogen and deu- 
terium. 

Although velocities — obtained 
have reached speeds of 500,000 
miles per hour, the thrusts in- 
volved have been quite small. 
a result, engines of this type would 
not be suitable for removing a 
body from the earth’s gravitational 
field. However, in space these en- 
gines could be effective because 
small accelerations are feasible con- 
sidering the large distances in- 
volved. 

The satellites circling in low 
orbits need a small amount of 
thrust to overcome the atmospheric 
drag in order to keep a constant 
altitude. In addition, a small 
amount of thrust, such as_ that 
which is available from  electro- 
magnetic engines, would be suf- 
ficient to increase its altitude. 


Rocket ships going to the moon 
from large satellite stations could 
reach there very easily with these 
low thrusts. It appears that the 
electromagnetic engine may find 
wide application in relatively free 
space where gravitational forces are 
low. 


Electromagnetic Control of 
Fusion Reactors 
Magnetohydrodynamics may also 
be used in the control of fusion 
reactors. The temperature of the 
gases contained within the reactors 
are of such magnitude that they 
would vaporize the walls if they 
came into contact with them. 
Moreover, the gases must be main- 
tained at high temperatures and 
any contact with the walls would 
cool the gas considerably. By mag- 
netohydrodynamic control, the plas- 
ma could be ke pt in its boundaries 
without contact with the walls. 


Chemical Combustion Engines 
Scientists are attempting to ap- 
ply magnetohydrodynamic princi 
ples to chemical combustion power 
generators. The electromagnetic ef- 
tect would be used to control the 
reacting gases. This type of power 
generator would permit higher ef- 
ficiencies than are possible in steam 
turbines. Turbines have wheels 
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MAGNETIC TAPE CONTROL 
OF MACHINE TOOLS 


by Peter V. B. Cornell, ME °59 


In these days of computers and 
control, considerable work is being 
done on the problem of informa- 
tion storage or “memory” devices. 
However, such devices are more 
generally associated with compu- 
ters than with controls, Only re- 
cently has the idea of a flexible 
storage been applied to machine 
tool controls. It appears that hu- 
man effort might be saved with a 
machine tool having a flexible mem- 
ory. 

Here are some of the basic prob- 
lems that arise in meeting the re- 
quirements of a practical memory 
control: 

1) Preparing instructions so that 
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the machine (or memory) can un- 
derstand them. 

2) Providing flexibility so that 
the machine can be quickly and 
cheaply programmed to do differ- 
ent jobs. 

3) Providing a method so that 
the machine can remember what it 
has been told. 

4) Providing a standard with 
which the device can measure dis- 
tances with sufficient accuracy. 


Type of storage device: 

Computer storages may be clas- 
sified into two categories. The 
“random access” storage is de- 
signed so that information can be 
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Figure 1; Scheme two. 





drawn from any part of the entire 
storage with ease. This is a valu- 
able feature for computing pur- 
poses but such memories are ex- 
pensive and practically limited in 
size. Rapidly rotating magnetic 
drums and magnetic core memories 
are popular random access storage 
devices. By contrast, the “sequen- 
tial” storage can practically present 
its information only in the order in 
which that information was re- 
corded. Sequential storages are 
cheaper and they have a much 
larger practical capacity. Punched 
and magnetic tape memories fall 
into this category. 

Sequential storage is best suited 
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Figure 2: The “Merry-go-round” ——» 
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for motion recording since the mo- 
tions will be done in a regular 
sequence. The author has limited 
his investigation to magnetic tape 
because of its feature of erasability. 

There are many ways that in- 
formation can be recorded on mag- 
netic tape. A little review of fun- 
damentals will make the explana- 
tion of the systems clearer. Mag- 
netic tape is a strip of thin flexible 
plastic which is coated on one side 
with a magnetic material. Now any 
part of this tape may be magne- 
tized and it is possible to record 
information by magnetizing the 
tape as it is reeled past the record- 
ing point. The recording point 
might be a man waving a horseshoe 
magnet, a simple wire, or a fancy 
electromagnet. The usual configu- 
ration is a circular core, with a 
small gap, wound with wire. The 
gap is perpendicular to the direc- 
tion of tape motion and_ rubs 
against the magnetic coating. The 
particular part of the tape that is 
between the two edges of the gap 
is magnetized by the current in the 
coil. 

Digital computers generally use 
the binary number system so that 
each digit is either a zero or a one. 
This information can be recorded 
on magnetic tape by using a pulse 
of current in one direction for a 
zero and in the other direction for 
a one. When the tape is later passed 
over a similar ring (or head), cor- 
responding pulses are induced in 
the coil and the information is 
played back. 


Scheme one: 

A simple method for recording 
motions would merely be to assign 
a linear value to a pulse (say 0.001 
inch) and then count pulses. A 
simple analogy to this can be dem- 
onstrated with a typewriter. With 
pica type, each “pulse” is 0.1 inch; 
the space bar is a plus pulse and 
the back space key is a minus pulse. 
A practical version of this scheme 
has been developed by Micro-Path 
Inc. of Inglewood, California. It is 
marketed primarily as a control 
for small vertical milling machines. 
A disadvantage of the system is 
that it is incremental and any er- 
rors will accumulate until the ma- 
chine is readjusted. 


Digital vs. analog: 
Because the resolution (length 
assigned to each pulse) of a digital 
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scheme can be controlled, it is 
often preferred where accuracy is 
important. The alternative gen- 
erally considered is an analog 
where the position to be recorded 
is represented by an amplitude or 
frequency. Such an analog would 
result in a very poor recorder be- 
cause variations in the thickness of 
the oxide (the magnetic tape coat- 
ing is generally an iron oxide) re- 
sult in output voltages which are 
constantly varying as much as 10 
per cent above and below the 
desired value. If an anaiog is to be 


duced in each head is proportional 
to the amount that the head over- 
laps the track. The voltage outputs 
of the two heads will be equal 
when the heads are centered over 
the track and each is overlapping 
the track by the same amount. See 
figure 1. 

Experiments by the author sug- 
gest that it is possible to trace a 
track in this manner using a servo 
device that responds to the differ- 
ence in outputs of the two heads 
appropriately. It is feasible that 
trace accuracies of plus or minus 
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Figure 3: Scheme three 


used, it must be done in such a 
way that accuracy is maintained. 


Scheme two: 

Magnetic tape is manufactured 
to rather close tolerances. For ex- 
ample, the width of the tape can 
be held within 0.001 inch. Con- 
sider a blank tape one inch wide. 
We can take a recording head 
whose gap is, say, 0.050 inch long 
and mount it to record on the tape 
and simultaneously move across 
the face of the tape. As the tape 
moves by, the motions of the re- 
cording head are recorded by the 
track left by the head much as the 
stream of water from an ice truck 
“records” the distance between the 
ice truck and the curb by leaving a 
“track” of water on the street. This 
motion recording can be played 
back using two heads side by side 
which are made to straddle the 
recorded track. The voltage in- 


0.004 inch or better can be ob- 
tained. 

This scheme can be directly ap- 
plied to a machine tool if it is prac- 
tical to use tape wide enough to ac- 
commodate the extreme swings of 
the recorded motions. An alternative 
to using wide tape would be a mul- 
tiple head arrangement constructed 
so that as one head slides off the 
tape, another slides on providing 
continuous motion recording over 
a longer range with no loss of ac- 
curacy. Still another refinement is 
the head “merry-go-round” which 
has a rotational input and output 
and extends the range capacity 
without limit. See figure 2. 


Scheme three: 


It is also possible to record mo- 


tions by moving the recording head 
along the length of the tape in- 
stead of across its width. With this 
method, two recording tracks are 
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required, The “reference” track is 
recorded by a stationary head and 
the “signal” track is recorded by a 
head which moves along the length 
of the t tape. Both heads are ener- 
gized by the same constant-voltage, 
constant-frequency alternating cur- 
rent. See figure 3. At the start of 
recording, the moving head is at 
some reference distance from the 
fixed head, From this point, motion 
of the signal head will change the 
relative phase of the two recorded 
tracks. During playback, the two 
tracks are read by heads identical 
to those used in recording, The 
alternating voltage ay say of these 
two read heads will be in phase 
only if the heads are se haat by 
the same distance that separated 
the two record heads. The movable 
playback head is driven back and 
forth by a servo which senses the 
phase difference between the two 
signals and moves accordingly. 

It is entirely possible, however, 
that the pk tyback mechanism may 
skip an entire cycle and the play- 
back motion would be in error by 
one wave length. (A wave length 
on the magnetic tape is equal to 
the tape speed in inches per second 
divided by the frequency in cycles 
per second.) The chances of a skip 
can be decreased by increasing the 
or decreasing the 


tape speed and 
the recorded 


maximum speed 
motions. 
Another problem is that of tape 
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stretch. Any stre tching of the tape 
between recording and playback 
will show up as an error in the 
playback. 

Possible refinements of — this 
scheme include a head merry-go- 
round similar to the one described 
above and multiple frequency re- 
cording which will improve the ac- 
curacy at the expense of fancier 
electronics. 


Scheme four: 


Actually, this scheme is a refined 
version of scheme three except that 
the two heads are stationary and 
are placed directly in line both 
during record and playback. This 
eliminates the effects of tape 
stretch. Another difference is that 
the reference is a three-phase sig- 
nal. In this method, the sensing 
device is an ordinary control trans- 
former. The stator windings , are 
energized with three-phase current 
so that the voltage induced in the 
rotor is constant in amplitude but 
varies in phase as the rotor turns. 
Both the three-phase reference and 
the rotor voltages are recorded. 
During playback, the reference is 
amplified and used to energize the 
stator windings of the control trans- 
former and the servo compares the 
phase of the rotor voltage with that 
of the recorded signal voltage and 
rotates the control transformer ro- 
tor (also the output shaft) as nec- 


essary to keep the two voltages in 
phase. It is desirable to use the 
same linkages and control trans- 
former for recording and playback 
as any nonlinearities of these de- 
vices which appear in the record- 
ing will be cancelled during the 
playback. See figures 4 and 5. 


Applications: 


In general, anywhere that there is 
repetition of physical human effort, 
there is a potential application for 
a motion recorder. In the area of 
machine tool controls, progress has 
only begun. For short runs, the op- 
erator would only have to make 
one piece by hand to “teach” the 
machine. From then on, the ma- 
chine faithfully copies the motions 
of the operator and by speeding 
up the tape, the machine can be 
made to outperform its teacher. 
Additional tracks can be _ easily 
added to control the coolant, spindle 
and other accessory functions. 
Where accuracy is important, the 
tapes can be prepared in a drafting 
room away from the production 
floor. Tapes which are in demand 
can be duplicated and sent to fac- 
tories in other cities. After the run 
is over, the tape can be erased and 
used for a new job; or it can be 
stored in a library for any length 
of time and used again the next 
time it is necessary to make more 
of that particular part. 
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Figure 5: Scheme four playback 


<—- Figure 4: Scheme four record 
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WHAT ARE TODAY’S ELECTRONIC 
BRAINS “THINKING” ABOUT? 


After performing the more rou- 
tine tasks of launching rockets and 
figuring payrolls, some computers 
take time out for the lighter side 
of life and keep busy playing chess 
and composing music. Present ma- 
chines are already at work design- 
ing circuitry for their successors, 
and a few people think computers 
may someday be taught to repro- 
duce themselves directly! 

Thirty years ago, who could have 
imagined the achievements of the 
electronic brains of today? The 
first giant computer was designed 
in the 1930's by Bell Labo: atories 
as a by-product of dial telephone 
research. Only in 1944, did Har- 
vard University and International 
Business Machines build the Mark 
I computer, the first widely pub- 
licized “brain.” It could do months 
of work in minutes. A few years 
ago, the IBM 701 was 100,000 
times as fast as a human account- 
ant, and newer computers are many 
times faster! 


Forecast Weather 


As far back as 1952, Dr. John 
Von Neumann and Dr. Jules Char- 
ney of the Institute of Advanced 
Study at Princeton, New Jersey, 
together with Dr. R. Fjorloft, on 
leave from the Meteorological In- 
stitute, Oslo, Norway, developed a 
system of numerical weather fore- 
casting for computers. The compu- 
ter is given detailed information 
on present weather conditions and 
it mathematically predicts weath- 
er conditions for an hour later. On 
the basis of these predicted con- 
ditions it predicts what conditions 
will be an hour after that; so in 
twenty-four steps it predicts the 
weather twenty-four hours in ad- 
vance. Unfortunately, the compu- 
ter took twenty-four hours to do 
the computation, so it wasn’t much 
help.’ But the system was very ac- 


1. “Brains Forecast Weather,” Science 
News Letter, March 22, 1952, p. 179. 
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curate and Dr. Harry Wexler of the 
Weather Bureau and Mr. Philip 
Clapp of the Extended Forecast 
Section speeded the process up so 
that a five day forecast could be 
produced in 24 hours.’ 

In 1955, Dr. Lawrence Rosenfeld 
gave a computer all the data from 
6,000 major league baseball games 
played over the previous five years, 
and instructed the machine in 
twenty strategies of betting. Be- 
fore each game he added a few 
subtle points like who was the un- 
derdog, how mi iny successive wins 
a team had had, etc. The computer 
digested the material and bet on 
the games. Doctor Rosenfeld could 
have won five times his initial in- 
vestment had he bet throughout 
the 1955 season. He is now com- 
pleting a computer to analyze the 
stock market for a large brokerage 
house. Previously a superficial 
check of 300 stocks ke pt all the 
skilled clerks of the firm busy, but 
the computer will do a detailed 
trend analysis of the entire market 
(2.000 stocks ) in ten hours.* Imag- 
ine computers running the stock 
market, buying and selling among 
themselves! 

Two years ago when a San Fran- 
cisco thief atte mpted to rob a chain 
store he was surprised upon arrival 
to find the police waiting for him. 
Something had “ratted” on him: a 
computer had analyzed his method 
of operation and predicted that this 
particular store would be his next 
stop!' 


Translates Language 

But these are all numerical and 
data processing uses. Electronic 
brains are able to do much cleverer 
things. In 1953 IBM scientists and 


2. “Brains get Weather Trial,” Science 
News Letter, December 20, 1952, p. 
395. 

3. C. A. Carpenter, “Amazing New 
Uses for Robot Brains,” Science Di- 
gest, February 1957, pp. 1-5. 


4. Ibid., pp. 1-5. 


Georgetown University _ linguists 
“programmed” (i.e., instructed ) an 
IBM 701 computer to translate 
Russian into English. After the 
computer memorized 250 word 
vocabulary, embracing _ politics, 
law, science, mathematics, and 
military affairs, and some simple 
rules of syntax and context it had 
no trouble translating, military 
court sentenced a sergeant to de- 
prival of civil rights.”’ Russian 
word order is fairly close to English 
and the machine can choose the 
correct translation of with 
multiple meanings. The greatest re 
maining obstacles to accurate trans 
lating are idioms, which can be 
learned only by memorization 
Principally due to the time it takes 
to sort ae digest the punched 
_ the 701 takes several 
seconds a translate a sentence. 
Rental cost of the 701 
that using it as a translator is eco- 
nomically wasteful. However, the 
National Bureau of Standards and 
MIT are currently working on spe- 
cial machines for the job, and text 
translators should be forthcoming.' 

A computer was used to compile 
the concordance of the Revised 
Standard Version of the Bible. One 
of the Biblical scholars was famil- 
iar enough with computers to come 
up with the idea and a computer 
completed the job in three years 
instead of the thirty it might other- 
wise have taken.’ 

Recently, computers have 
acquired the sensory functions, 
sight and hearing. Two machines 
have been developed which can 
scan and read a printed page, and 
MIT's Lincoln Laboratory has de 
veloped the TX-O, a device which 
Several 
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can understand speech. 


5. “Electronic Translator,” Time, 
ary 18, 1954 p- 82 

6. “Bilingual Machine,” 
January 18, 1954, p. 83 
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persons speak a word to the ma- 
chine which “learns” it by analyz- 
ing the structure of the word and 
memorizing it with its meaning. 
The machine then compares words 
it hears with words it already 
knows in order to recognize what 
is being said. Significantly, none of 
the methods of comparison was re- 
liable in itself, due to voice differ- 
ences, but the machine could make 
reliable decisions on the basis of 
these comparisons.” In a few years, 
people will be able to talk to the 
computers and converse in many 
languages by means of them. 


Computers as Composers 

On August 9, 1956, the “Iliac 
Suite,” for string quartet was first 
played publicly at the University 
of Illinois. It was actually com- 
posed by the university computer, 
Iliac, which was programmed by 
Professor Hiller, a composer and 
physical chemist and Leonard 
Isaacson, another physical chemist. 
The work has three movements in 
chronological order of the experi- 


8. “Computer Taught to Hear,” Sci- 
ence News Letter, May 17, 1958, p. 
311. 


ments with the machine. They 
range from a simple, “Presto-An- 
dante-Allegro,” to a highly com- 
plex third movement, “Allegro con 
brio.” Composing time was fifteen 
minutes—less than the playing time 
or the time it took to transpose it 
from letters (A, G sharp, etc.) to 
notes on music paper.” Douglas 
Bolitho and Dr. Martin Klein have 
similarly programmed a Datatron 
to write popular music at the rate 
of 1,000 melodies per hour, The 
machine is capable of writing up to 
ten billion melodies at a sitting. 
Popular music is one of the most 
rigidly coded musical forms, with 
certain accepted rhythm patterns 
and note combinations, Rules for 
these are summed up for the Dat- 
atron in six basic melody require- 
ments. Starting with a random 
number (like Beethoven's birth- 
day ) it quickly (ten seconds ) pro- 
viel 1,000 more random numbers 
and memorizes them. Each stands 
for a certain note. It then selects 
the first number (note), tests it for 
melodic properties and, if accept- 
9. “By the Numbers: Illiac Suite for 

String Quartet,” Musical America, 

September 1956, p. 13. 


able, prints the note on a sheet of 
paper. It then looks over the next 
notes, selecting the first that “makes 
music” and prints it on the sheet of 
paper. Printing out takes the most 
time, but meanwhile the rest of the 
computer is off on the next note. 
Mathematicians are now working 
on a machine which will develop 
its own rhythm patterns and write 
orchestrations.'’ Conceivably the 
music could be punched out on a 
roll of paper and fed directly into 
a player piano. Imagine having 
your own home composer to play, 
“extemporaneously,” original music 
to suit your mood! 


Computers Think and Play 

Most sophisticated of today’s 
computers are those which can 
reason and those which can play 
games of wit against human oppo- 
nents, Dr. Rochester of IBM _ has 
programmed a computer which 
can prove geometrical theorems 


about as well as a high school 
sophomore. One unit analyzes the 
diagram for obvious relations, like 


“Machine Made Mel- 
November 


10. B. W. Powell, 
odies,” Science Digest, 
1956, pp. 29-30. 


Similar to Theseus, the mechanical mouse is W. Grey Walter’s Machina Speculatrix. This three wheeled “animal” responds to 
light and touch through two nerve cells. Each cell consists of a small electric motor, a resistor, a miniature tube, and a 


battery. It is capable of the basic modes of behavior of simple living creatures. 


It scurries about in small sweeping curves 


and can investigate one hundred square feet in an hour. M. Speculatrix’s one positive tropism is its affinity to light of moderate 


20 


intensity. 
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the number of triangles, equal 
lines, equal angles and so forth. 
Then the syntax unit looks up all 
the rules which might be useful, 
and the supervisory unit tries the 
rules one after another until the 
problem is solved." 

At games of wit, the computers 
play like humans. C. S. Strachey 
programmed a machine to play oe 
at checkers. It fumbled around ; 
bit in the opening moves, oe 
came back with some very clever 
moves and almost won by the mid- 
dle of the game. But a couple of 
poor moves toward the end lost the 
game for the computer.'* At Grum- 
man Aircraft Corporation, where 
the author worked last summer, the 
computer group programmed an 
IBM 704 to play checkers. It 
played fairly well, although good 
players could beat it. 

Chess is much more interesting 
and complicated. An average game 
is forty moves by each player and 
there are about thirty choices for 
each move. This leads to 30°° or 
about 10'*° possible games. If a 
machine were to eh. a million 
games a second, it would require 
10'"* years to play all the games. 
A machine cannot see all the 


games which could result from a 


move and figure out the absolute 
countermove, so a machine must 
reason out chess on human terms, 
looking a few moves ahead and 
planning strategy to get the best 
position. 

Newell and Simon of Carnegie 
Institute of Technology have pro- 
grammed a machine to play this 
way. It has beaten Newell but not 
Simon, who is considered a very 
good player. The machine bases its 
decisions on rules of thumb like 
“protect the king, control the cen- 
ter, maintain balance,” and so on. 
The move selected is not neces- 
sarily the best, but it is the first 
which will not violate one of the 
rules. The machine can investigate 
ten moves ahead, but takes ten 
hours to ponder before moving.’ 
Another machine, similarly pro- 


11. “Electronic Machine Plays Chess,” 
Science News Letter, June 7, 1958, 
p. 360. 

iz. bo Woodbury, “Could Robots 
Reproduce Themselves?” (excerpt 
from “Let ERMA Do It.) Science 
Digest, April 1957, pp. 84-88. 
“Electronic Machine Plays Chess,” 
Science News Letter, June 7, 1958, 
p. 360. 
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Transistors which compose a circuit module for a random access memory system are 


mounted on glass-epoxy plates. 


These modules are then arranged in groups of twenty- 


seven to form a standard module assembly. 


grammed, can investigate three 
moves ahead eight minutes. It 
selects its seven best moves, puts 
itself in its opponent's shoes and 
selects the seven best countermoves 
for each move. Eliminating _ its 
poorest moves, it chooses its best 
moves in response to its opponents 
expected countermoves and so on 
for three moves ahead. If its op- 
ponent cheats or makes a wrong 
move, the machine prints out, 
“Please check last move,” and, win 
or lose, when the game is over the 
machine prints out the score and 
includes, “Thank you for an inter- 
“—_ game.’ " 
Calculating machines have come 
1 long way toward “thinking” in 
just a few years. Theseus, the me- 
chanical mouse of Dr. Claud Shan- 
non of Bell Laboratories, has a tal- 
ent for finding “cheese.” Placed 
anywhere in a maze, he will poke 
his way around until he finds it. 
Re place d anywhere in the maze, he 
will poke around until he comes to 
a place where he’s been before, and 
then, with the aid of his memory, 
he'll run straight to the cheese. If 
the maze is changed or if the 
cheese is relocated, Theseus will 
poke around until he finds _ it 
again, and will memorize the new 
layout.'® Thus he can solve by trial 
and error, remember a solution and 
apply it later, add new information 
and forget and relearn.'* Reasoning 
14. “Computer — Versus Chess-Player,” 
Science American, June 1958, pp. 
96-98. 
15. J. Lear, 
Without Men,” 
January 22, 1955, p. 19. 
“Machines That Think,” Readers Di- 
gest, January 1954, pp. 143-146. 


“Mechanical Mice With and 
Review, 


Science 


is beyond him, but how many mice 
can reason? 

Just how closely can “brains” re- 
semble the human brain? Right 
now the quantitative difference due 
to the million-fold greater 
plexity of the human brain is de- 
creasing as computers become more 
complicated. Until recently, a com- 
puter with as many tubes as a brain 
has neurons would have required 
the Empire State Building to house 
it, Niagara Falls to power it and 
the Niagara River to cool it.'? Now 
miniaturization is setting in. Tran- 
sistors are gradually replacing tubes 
that have one hundred times great- 
er size and power requirement. 
And a recently developed “mem- 
ory” can store twenty million in- 
formation “bits” per square foot, 
approaching the capacity of the 
brain.'* It consists of a thin sheet 
of paper smeared with millions of 
microscopic capsules containing 
light-sensitive dye. Information is 
re vad back with minute light beams. 
What’s more, Dr. Carl Von Neu- 
mann pioneered theoretical compu- 
ter logic and considered the prob- 
lem of reproduction. He conceived 
an “animal” of conventional com- 
puter form capable of reproducing 
itself, given a “warehouse” of parts. 
Apparently, below a_ certain 
“threshold complexity” a computer 

can only create machines cruder 
than itself, and the “race” will de- 
generate and die out. Above this 


com- 


17. D. O. Woodbury, “Could Robots 
Reproduce Themselves,” — (excerpt 
from “Let ERMA Do It.”) Science 
Digest, April 1957, pp. 84-88 
“Nearly Human Brain,” Newsweek, 
November 95, 1957, p- 102, 





threshold you can use your imagi- 
nation.'” 


Create “Living Plants’ 

Looking to the future, E. F. 
Moore proposed most fantastic 
scheme: artificial “living plants.” *° 
Imagine a machine a step above 
Von Neumann's capable of creat- 
ing its own parts from natural ele- 
ments, then assembling its image 
from built-in blueprints, just like a 
botanical plant. The seashore would 
be an ideal habitat: it can offer 
magnesium and other minerals 
from the sea, perhaps oil under it, 
wood and perhaps steel from the 
The “plants” would migrate 
to gather materials where they 
could be found. With solar  bat- 
teries they could get energy from 
the sun like real plants. They 
would) merely reproduce them- 
selves and multiply, and be har- 
vested for the materials they were 
made of. 

The problems involved in build- 
in the first “plant” will be in logic 

(largely solved by Von Neumann), 
electrical and mechanical engineer- 
ing (more complicated forms of 
present engineering practice) and 
chemistry and chemical engineer- 
ing. The latter two will present the 
most difficult problems remaining. 
If all the necessary chemistry and 
chemical engineering problems 
were immediately solvable and 
simple, the first “plant” could be 
built in five or ten years, for fifty 
to seventy-five million dollars. 

Certainly a factory could be 
built to produce everything the 
“plants” might “grow,” and at a 
considerably lower initial cost. But 

i factory has only a fixed output 
aid over the years it depreciates 
and is discarded, But after the first 
“plant” is built it could multiply by 
itself and production would rise 
exponentially, Reproducing at one 
generation per year, in thirty years 
a million “plants” would be grow- 
ing and multiplying. They would 
just continue this way subject to 
built-in controls, and after repro- 
ducing, the “plants” could migrate 
to the harvesting station to be har- 
vested! 


shore. 


19: D; ©. Woodbury, “Could Robots 
Reproduce | Themselves,” (excerpt 
from “Let ERMA Do It.) Science 
Digest, April 1957, pp. 84-88. 

20. E. F. Moore, “Artificial Living 
Plants,” Science American, October 
1956, pp. 118-122. 


We can't yet build the artificial 
“plants” with organic processes us- 
ing chlorophyll, amino acids, and 
starch, because not enough is 
known about organic chemistry. So 
the “plants” would use mechanical 
and inorganic processes, steel, gears, 
tubes, etc. We don’t understand 
how genes control heredity and 
how hormones direct life functions. 
But we do understand enough 
electronics to do these things elec- 
trically, Unlike in a factory, efficient 
processes aren't needed. They can 
be simple, even crude in order to 
simplify the “plant,” as long as 
they work. We still, despite what 
we know about theoretical genetics, 
cannot endow the machines with 
evolutionary abilities. Each plant 
will reproduce according to a set 
of blueprints. In a reply to Moore’s 
proposal, D. A. Watkins points out 
that manufacturing tolerances 
would introduce successive errors, 
accumulating as slow evolution. 
Also, when the instructions for re- 
production are imparted to the off- 
spring, errors may occur from elec- 
trical noise in the circuits, produc- 
ing mutants in the next gene ration. 
It’s conceivable that offspring might 
eventually resemble man himself.*! 
But we needn't worry, Moore 
points out.*? A gradual accumula- 
tion of tolerance would be elimi- 
nated by using a primary standard 
of length, like the wave length of 
cadmium light, instead of transfer- 
ring a standard of length from gen- 
eration to generation. And as any- 
one who has worked with compu- 
ters knows, “typographical” errors 
generally result in nonsense, which 
would probably be fatal to the 
“plant.” Mutants might still survive, 
but mutations would spread slowly 
because the plants reproduce asex- 
ually. In asexual reproduction, the 
n'® generation has n ancestors, from 
which to inherit mutations, while 
in sexual reproduction the n' gen- 
eration has 2" ancestors. In ten 
generations, this amounts to 2!° or 
1024 sexual ancestors from which 
to inherit mutations, but only ten 
asexual ancestors. But for complete 
assurance, the plants could be de- 
signed so that after five hundred 
years, let us say, the entire popula- 
tion would return to the harvest- 
ing factory like lemmings. Any 
mutants failing to do this could 


21. Ibid., pp. 118-122. 
22. Ibid., pp. 118-122. 


be exterminated (by artificial “ani- 
mals” if you like) and a new species 
could be started. 


Future Importance 

J. W. Carr III, of the University 
of Michigan, feels, “I have no 
doubt that electronic computers are 
going to have a greater impact on 
our society than atomic energy! In 
fifteen to twenty years, perhaps 
less, the electronic computer indus- 
try will be equal to the entire auto- 
motive industry.”** In the light of 
what has been et with compu- 
ters already, and with the theories 
advanced by Von Neumann, pro- 
posals like that of Mr. Moore can 
be made in complete seriousness. 
And when proposals like Mr. 
Moore’s “plants” can be made seri- 
ously, it becomes clear that Mr. 


Carr's prophecy is just a sober 
evaluation of facts. If thirty years 
ago, no one could have imagine “dd 
that we would have the computers 
we have today, who can say that 
he can imagine what computers will 
be doing thirty years from now? 


23. C. A. Carpenter, “Amazing New 
Uses for Robot Brains,” Science Di- 
gest, February, 1957, pp. 1-5. 
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He’s been on his way up 
from the day he started work 


James C. Bishop got his B.S. in Electrical 
Engineering from the University of Illinois on 
June 23, 1953. On July 1, he went to work as a 
lineman in the Illinois Bell Telephone Company 
management training program. On July 2, he 
was “shinnying” up telephone poles. 

And he’s been “climbing” ever since. A 
planned rotational training program, interrupted 
by a stint in the Army, took Jim through vir- 
tually every phase of plant operations. 

He was promoted to Station Installation 
Foreman in July, 1957. Then came more train- 
ing at company expense—in human relations 
and other supervisory subjects—at Knox College. 





Since early 1958, Jim has been Central 
Office Foreman in the Kedzie District of Chicago, 
which embraces about 51,000 telephone stations, 
He has 19 men reporting to him. 

“] was hired as ‘a candidate for manage- 
ment,” he says. “I know I'll get the training 
and opportunity to keep moving ahead. How far 
I go is up to me. | can’t ask for more than that.” 

* . + 
Find out about career opportunities for you in 
the Bell Telephone Companies. Talk with the 
Bell interviewer when he visits your campus. 
And, meanwhile, read the Bell Telephone book- 
let on file in your Placement Office. 


Wy 
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Jim Bishop holds training sessions regularly with his men. At left, he dis- 


cusses cable routes in connection with the “cutover” of his office to dial service. 
At right, he and a frameman check a block connection on the main frame. 


BELL TELEPHONE COMPANIES 
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Product Development at IBM 


IBM Engineer Richard R. Booth 
explores electronic frontiers 

to develop new, faster and 
larger storage devices 

for tomorrow's computers. 


Computing time cut from six months to one day 


*‘My job is to design and develop new, high-speed 
storage devices for a powerful new computer that 
will perform, in one day, operations requiring six 
months on present equipment,’’ said Dick Booth 
as he began a typical day recently. A product de- 
velopment engineer at the IBM Laboratories in 
Poughkeepsie, N. Y., he started his morning with a 
conference on a product of great interest to him: a 
magnetic core storage device with a nondestructive 
read-out feature. For an hour, he discussed with 
circuit design engineers the logical devices needed 
for the register—such as magnetic core drivers and 
sense amplifiers. Should such devices not be avail- 
able, the group would work on designs for new ones. 

Dick Booth next met with members of the Mag- 
netic Materials Group to establish specifications for 
the magnetic core memory elements to be used in 
the register. He also discussed with the group the 
development of equipment to test the memory 
elements. ‘‘This magnetic core register is based on 
an original idea of mine,” he explained. ‘‘When you 
have a worthwhile idea, you will be given a free 
hand in proving it out, backed by IBM’s resources 
— plus the assistance of skilled specialists.”’ 





Increasing responsibility 


At 10:30, Dick Booth reviewed the status of the 
entire project with the two engineers, two tech- 
nicians, and one logic designer who make up his 
team. ‘‘My present position is staff engineer,’ he 
explained. ‘‘It’s the second promotion I’ve had 
since | joined IBM three years ago with a B.S.E.E. 
degree from the University of Illinois. | know that 
there are plenty of other opportunities to move 
ahead. Furthermore, parallel advancement oppor- 
tunities exist for engineers in either engineering 
development or engineering management.” 
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Preparing for the future 


In the afternoon, Dick Booth went to the 704 Com- 
puting Center to supervise some complex preci- 
sion computations. ‘‘You see how quickly the 704 
arrives at the answers,”’ he said. ‘‘The computer 
being developed is expected to multiply more than 
500,000 fourteen-digit numbers a second and add 
them at the rate of one million a second. The com- 
puter may be used for design computations for 
reactors, as well as calculations of satellite be- 
havior. Of course it should have hundreds of other 
applications.”’ 

At 3:30 P.M., Dick Booth attended a weekly class 
on Theoretical Physics that lasted until 5:00. After- 
ward, he commented, ‘You know, IBM offers 
excellent educational opportunities both in gen- 
eral education and for advanced degrees. One of 
the engineers in my group has just received his 
Master’s degree from Syracuse University, after 
completing a postgraduate program given right 
here at the IBM Laboratory.” 
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A chance to contribute 


As he was leaving for the evening, he said, ‘‘Yes, 
I'd recommend an IBM career to any college gradu- 
ate who wants to exercise his creative ability. IBM 
will appreciate his talent and he'll have the oppor- 
tunity to work with specialists who are tops in 
their fields. | doubt that he’d be able to find a 
more sympathetic and stimulating atmosphere. 
Furthermore, he’ll have the added incentive of con- 
tributing to vitally important projects . . . projects 
that will take him to the frontiers of knowledge in 
computer electronics.” 


w% « * 


Talented college graduates will find exciting, re- 
warding careers at IBM. Excellent opportunities 
are now available in Research, Development, Man- 
ufacturing, Applied Science, Sales, and Adminis- 
tration. Find out from your College Placement 
Office when our interviewers will next visit your 
campus. Or, for information about careers of in- 
terest to you, write to: 


Manager of Recruitment 
IBM Corporation, Dept. 839 
590 Madison Avenue, New York 22, N. Y. 
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New Dean of Engineering: 


PROFESSOR DALE R. CORSON 


Dale RK. Corson, professor and 
chairman of the department of 
physics has been named Dean of 
the College of Engineering, effec- 
tive July 1. He will be the successor 
to Dean Hollister, who is retiring 
this June. His appointment was an- 
nounced by President Malott after 
the approval of the Board of 
Trustees. 

Professor Corson, whose back- 

ground is that of a physicist, has 
had much suatianninnal and_ teach- 
ing experience with engineers. His 
appointment reflects Cornell's em- 
phasis on teaching the basic sci- 
ences to the engineering student. 
Sound fundamental — preparation 
prepares the engineer to face the 
vast array of new problems and 
deve wae nts which are constantly 
arising in each field. It also illus- 
trates Jn gradual disappearance in 
many areas of a clear distinction 
between the work of the engineer 
and that of the scientist. 
Corson’s career has 
ranged through the fields of basic 
scientific research, engineering de- 
velopment, education, and admin- 
istration. His physics studies began 
with a B.A. received in 1934 from 
the College of Emporia in Kansas, 
and an M.A. received a year later 
from the University of Kansas. He 
continued his graduate work at 
Ohio State University and then 
went on to the University of Cali- 
fornia at Berkeley where he was 
awarded a Ph.D. in 1938. 

One of his first notable achieve- 
ments occurred in 1940 while work- 
ing as a research fellow at Berk- 
eley. By bombarding bismuth with 
alpha particles, he synthesized a 
new element, an unstable halogen 
named astatine. That same year he 
was appointed assistant professor 
of physics at the University of 
Missouri. 

At the outset of the war Profes- 
sor Corson joined the Radiation 
Laboratory at MIT. There he did 


Professor 


26 


research for the Air Force on radar 
for night fighters and night bomb- 
ers. He later worked on the devel- 
opment of a radar system used to 
locate surfaced enemy submarines. 

In 1943, Professor Corson re- 
turned to the University of Mis- 
souri as an_ associate professor 
while remaining as a technical ad- 
visor to the War Department. Two 
years later, he joined the staff of 
the Atomic Energy Commission’s 
Los Alamos Scientific Laboratory. 
While there, he helped found the 
Sandia Laboratory in Albuquerque, 
New Mexico, which became the 
final engineering design station for 
atomic weapons. 

Professor Corson came to Cornell 
in 1946 as an assistant professor. 
He became an associate professor 
in 1947 and a full professor in 1952. 


Three years ago, he was elected 
chairman of the Department of 
Physics, a position he has held ever 
since. 

While at Cornell, Professor Cor- 
son has carried on some basic re- 
search involving the use of the 
synchrotron, a billion volt acceler- 
ator for study of subatomic parti- 
cles. Most of the courses he has 
taught have been for upperclass 
physics and engineering physics 
students. 

Several outstanding awards have 
been presented to Professor Corson 
during the course of his career. In 
1948, he was the recipient of the 
Presidential Certificate of Merit for 
his work during and after the war. 
He has also been made a Fellow 
of the American Physical Society. 

—by David Lamensdorf, EE ’60 


Jeffrey Frey 


Professor Dale R. Corson 
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SAFETY IN THE SKIES 


(Continued from Page 13) 


proaching plane, and thus avoid 
accidents, Although the instrument 
does show the existence of cloud 
banks and other forms of “weath- 
er,’ it is not sensitive enough to de- 
tect anything so small as an ap- 
proaching plane. One instrument 
developed for this purpose has 
proved too costly and bulky for 
practical use. 

In the jet age, control over cross- 
country traffic will also be rigid. 
At present, the government issues 
sectional charts of the country, in- 
dicating airfields and other infor- 
mation useful to pilots. These 
charts also indicate certain re- 
stricted areas forbidden to aircraft 
without special permission. These 
restricted zones have been estab- 
lished for defense purposes and for 
special use by military aircraft. Be- 
fore taking off, all commercial 
planes are required to file flight 
plans, and according to these, huge 
amounts of air space are reserved 
for them as they travel. While en 
route, the planes report their posi- 
tion over certain check points. In 
VFR weather, however, there is at 
present no altitude control. To re- 


lieve congestion on the busiest 
routes, the government constantly 
revises the size of existing air lanes 
and adds new routes. It is possible 
that sometime in the future, VFR 
flying may be totally abandoned 
in some areas, since the records 
have shown flight to be less haz- 
ardous under instrument checks. 
This development will not take 
place for many years though, since 
only a small number of aircraft 
have the expensive equipment nec- 
essary for instrument flight. 

These facts, then, may give the 
reader some idea of situations in 
air traffic control, past, present, and 
future. The future of our national 
transportation system will depend 
in great measure upon what is 
done to overcome the problems of 
the jet age and perhaps, in the 
more distant future, of atomic air 
travel, and the safety hazards it 
will create. 


MAGNETOHYDRODYNAMICS 


(Continued from Page 15) 


and blades that absorb heat and 
cool the hot gases, while a mag- 
netohydrodynamic power genera- 
tor would not. In addition, the 
temperatures possible within such 


a generator are of much greater 
magnitude. 

The potential for magnetohydro- 
dynamic devices appears enormous. 
However, the complex theory in- 
volved is difficult to formulate, and 
the applications cannot yet be 
rigorously developed. Moreover, 
their use in powering space vehicles 
presents several problems that are 
irreconcilable at this time. The 
magnets necessary to provide the 
required fields would be so large 
that their size and mass would pro- 
hibit them from use in flight. In 
addition, the “seeding”* techniques 
for making the gas sufficiently ion- 
ized have not yet been made prac- 
tical. 

E. L. Resler, jr., and W. R. Sears 
The Prospects for Magneto-Aerodynam 


ics. Journal of the Aeronautical Sciences 
April, 1958, Volume 25, Number 4, page 


243. 
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10-SECOND QUI 


for future 
highway engineers 


True () or False (].......... Of the 1,050,948 miles of paved roads and streets in the United States, 


904,748 miles are surfaced with Asphalt. 


True [ or False [].......+.. Modern heavy-duty Asphalt pavement is playing a vital role in our $100 


billion, 15-year road program that includes 41,000 miles of Interstate 
Highways. 


If you answered “False” for either one of the above statements, chances are you're not up on a big 
opportunity in engineering. Today, the demand for engineers with solid backgrounds in fundamentals 
of Asphalt technology and construction is at its greatest. 


Send for the free literature offered below. It can help start you on the “road to success”... Asphalt! 


. F REE! Special Student Kit on 
Asphalt Technology 


Gentlemen: 


NAME 


THE ASPHALT INSTITUTE 
Asphalt Institute Building, College Park, Maryland 


Please send me your free student kit on Asphalt Technology. 


CLASS 





COLLEGE OR UNIVERSITY 





ADDRESS 





CITY. 





MAY 1959 


STATE 


. 
a 
= 
: Literature included covers the complete Asphalt 
e story: origin, uses, how it is specified for paving. 
e And much, much more. For your free kit, fill out the 
e coupon and mail today. 

* 

“ 

* 

& 


THE ASPHALT INSTITUTE 


Asphalt Institute Building, College Park, Maryland 





Aero School’s New Home: 


GRUMMAN HALL 


The completion of Grumman 
Hall this spring gives Cornell the 
best housed aeronautical graduate 
school in the nation. The Cornell 
Graduate School of Aeronautical 
Engineering, which had been lo- 
cated in a temporary building on 
Forest Home Road, has recently 
moved to the modern facilities of 
Grumman Hall which provide ex- 
cellent opportunities for aeronau- 
tics research. 

Grumman Hall, which was com- 
pleted this April, is a three story, 
blue-green building located behind 
Upson Hall. It provides facilities 
for both high-speed and low-speed 
flow problems with laboratories that 
have been constructed in such a 
way that they can be adapted to 
almost any kind of research in 
aeronautical engineering. 

The building was donated by 
Leroy R. Grumman who graduated 
from the Sibley School of Mechan- 
ical Engineering in 1916 and _ is 
now a trustee of Cornell Univer- 
sity. Mr. Grumman is founder and 
chairman of the board of Grum- 


by Alden Speare, Jr., EP °63 


man Aircraft Engineering Corpora- 
tion. He has received the Presiden- 
tial Medal for Merit and several 
other honors for his work in aero- 
nautical engineering. His gift of 
$500,000 for Grumman Hall is one 
of many gifts he has made to the 
university. : 


Grumman Hall Provides 
Many Improvements 

The new aeronautical engineer- 
ing building represents a consider- 
able improvement over the tem- 
porary building on Forest Home 
Road which the school has been 
occupying for the last ten years. 
Besides offering better research fa- 
cilities, it is adjacent to the other 
engineering buildings and provides 
a pleasanter working atmosphere. 

Grumman Hall provides approx- 
imately 50 per cent more space 
than the old building. It has a large 
two-story wind tunnel laboratory 
which will accommodate a larger 
wind tunnel than the one in the old 
building. The first floor also con- 
tains a machine shop equipped to 


Richard Epstein 


Grumman Hall, completed in April 1959, is the first permanent building for the Cornell 
Graduate School of Aeronautical Engineering. The gift of Leroy R. Grumman, ’16, 
it is located on the new engineering quadrangle. 
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build precision research equip- 
ment, a machinery room, and the 
power supply for the wind tunnel. 

The second floor houses an aero- 
dynamics laboratory which con- 
tains, among other things, the “cas- 
cade” wind tunnel, a device for 
tests of compressor blading which 
could be operated in the old build- 
ing only by removing a portion of 
the wall. Also on the second floor 
are a gasdynamics laboratory and 
an electronics room where special- 
ized instruments can be made. The 
third floor houses the offices, the 
classrooms, and a conference room. 

These facilities represent many 
improvements. The gasdynamics 
laboratory on the second floor can 
be operated in total darkness. A 
3,000 pound per square inch air 
supply will soon be installed which 
will supply all the labs with dry air 
which can be reduced in pressure 
to serve many purposes. Hydrogen 
is also piped to all the laboratories 
from an explosion-proof gas stor- 
age room. 


One of Finest Schools in Nation 
The Cornell Graduate School of 


Aeronautical Engineering has ex- 
isted since 1946 and has always 
been rated among the top three 
aeronautical graduate schools in 
the United States. It has received 
little notice on campus because of 
its small size. Having started with 
five faculty and twelve students, 
the school now has approximately 
thirty students. At first, the school 
was located in the Sibley Annex 
which was behind Franklin Hall 
but which has since been torn 
down. The move to Forest Home 
Road represented a vast improve- 
ment, but Grumman Hall is the 
first permanent and adequate 
quarters the school has had. 

The school has always placed a 
strong emphasis on original re- 
search and provides the student 
with excellent facilities and expert 
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advice for his project work. The 
primary objective of the school is 
to produce engineers capable of 
carrying out research and develop- 
ment in aeronautical industries and 
institutions, 

Besides offering excellent grad- 
uate courses, the school also has 
many courses that are open to un- 
dergraduates. Upperclassmen in 
the various engineering schools 
may elect aeronautics courses and 
may also do their projects at the 
Sck vol of Aeronautical Engineer- 
ing. Prof. W. R. Sears, who is di- 
rector of the school, states that the 
five year engineering graduates 
from Cornell that have taken elec- 
tives in aeronautical engineering 
have a better aeronautics educa- 
tion than graduates from four year 
aeronautical engineering schools. 
“Moreover,” he adds, “such stu- 
dents quite easily obtain their mas- 
ter’s degrees after only one year 
whereas students who come from 
other schools need at least two 
years.” 

Much of the work done at Cor- 
nell is correlated with the work at 
the Cornell Aeronautical Labora- 


tory at Buffalo and some of the 
graduate students get summer em- 
ployment at C.A.L. The Cornell 
Aeronautical Laboratory is a self- 
supporting part of the University 
which performs research in the 
aero sciences. C.A.L. should not be 
confused with the graduate school 
on campus since all the instruction 
is carried on at Cornell. 


Three Major Areas of Research 

The research at the Cornell 
Graduate School of Aeronautical 
Engineering has been divided into 
three areas: gasdynamics, aerody- 
namics, and aeronautical  struc- 
tures, The research in these fields 
is supported by O.S.R. and O.N.R. 
contracts totaling approximately 
$180,000 per year. 

The work in gasdynamics, which 
is the largest of the three groups, 
revolves around studies of fluids at 
high temperatures and high veloc- 
ities. One of the phenomena that is 
observed under these conditions is 
that the fluid becomes ionized and 
can conduct electricity. Research 
in gasdynamics has practical appli- 
cations to problems of rocket re- 


entry into the earth's atmosphere. 

The field of aerodynamics in- 
volves theoretical studies of boun- 
dary-layer problems and practical 
tests of power plant components 
such as the blading of compressors 
and turbines used in jet aircraft. 
Wind tunnel tests to determine the 
pressure at various turn angles of 
a blade are typical of the work 
done in aerodynamics. 

The third area of aeronautical 
research at Cornell is involved with 
structure. Current research in this 
field is concerned with the aero- 
elastic properties of materials used 
in airplanes, missiles, and the like. 
The elastic deflection of these 
structures under aerodynamic loads 
affects these loads and a simulta- 
neous study of both is required to 
solve the problem. 

In all areas of research, the em- 
phasis is placed on learning by 
original work and close association 
with the professors and the other 
graduate students. Conferences and 
seminars are often held to bring 
students and faculty together and 
an informal atmosphere prevails at 
all times. 





START TODAY TO 


PLAN TOMORROW 


By knowing about some of the projects underway at the 
Babcock & Wilcox Company, an engineer may see his 
personal avenues of growth and advancement. For today 
B&W stands ocinel at a new era of expansion and 
development. 


Here’s an indication of what’s going on at B&W, with 
the consequent opportunities that are opening up for 
engineers. The Boiler Division is building the world’s 
largest steam generator. The Tubular Products Division 
recently introduced extruded seamless titanium tubing, 
one result of its metallurgical research. The Refractories 
Division developed the first refractory concrete that will 
withstand temperatures up to 3200 F. The Atomic Energy 
Division is under contract by the AEC to design and 
build the propulsion unit of the world’s first nuclear- 
powered cargo vessel. 

These are but a few of the projects — not in the plan- 
ning stage, but in the actual design and manufacturing 
phases — upon which B&W engineers are now engaged. 
The continuing, integrated growth of the company offers 
engineers an assured future of leadership. 

How is the company doing right now? Let’s look at one 
line from the Annual Stockholders’ Report. 


CONSOLIDATED STATEMENT OF INCOME 


(Statistics Section) 
(in thousands of dollars) 


1954 1955 1956—UNFILLED ORDERS 
back! 
$129,464 $213,456 $427,288» (Packlos) 
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B&W engineers discuss developments 
in the Universal Pressure Boiler. 


Ask your placement officer for a copy of “Opportunities 
with Babcock & Wilcox” when you arrange your inter- 
view with B&W representatives on your campus. Or 
write, The Babcock & Wilcox Company, Student Train- 
ing Department, 161 East 42nd Street, New York 17, N. Y. 





A|DOOR IS OPEN AT ALLIED CHEMICAL 


\ 


For men who like to translate ideas into realities 


Imagine, foramoment, a new product—just out of research. 
How can it be made commercially? What materials would 
be best? What new design or equipment is necessary for 
its production? And what are the economics involved in 
offering this new product to the markets of the world? 

If translating theory into practical reality is what you 
would like to do, why not investigate the possibility of 
an engineering career with us? We are always looking for 
men with initiative and ingenuity to help put our new 


Engineering trainees at Allied’s Delaware Works, where 
fluorine compounds and other heavy chemicals are produced. 


chemicals, plastics and fibers into production . . . to take 
their place with the more than 3,000 different products 
now being made in our 100 plants throughout the country. 

Write today for a newly revised copy of “Your Future 
in Allied Chemical.” Or ask our interviewer about Allied 
when he next visits your campus. Your placement office 
can tell you when he’ll be there. 


Allied Chemical, Dept. 59-R3 
61 Broadway, New York 6, New York 


llied 


BASIC TO 
AMERICA’S 
PROGRESS 


hemical 


DIVISIONS: BARRETT - GENERAL CHEMICAL + NATIONAL ANILINE + NITROGEN + 
PLASTICS AND COAL CHEMICALS + SEMET-SOLVAY+ SOLVAY PROCESS: INTERNATIONAL 
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Faculty Profile 


Dr. Theodore von Karman 


On the occasion of Theodore von 
Karman’s seventieth birthday, his 
friends and admirers presented him 
with four volumes containing the 
published accounts of papers 
which represented some fifty years 
of Dr. von Karman’s contributions 
to science and technology. In the 
introduction to the anniversary vol- 
umes, Hugh L. Dryden, director of 
the National Advisory Committee 
for Aeronautics, paid tribute to Dr. 
von Karman, Mr. Dryden said, “His 
penetrating analysis of complex 
scientific and engineering problems 
to discern the important and essen- 
tial elements, his success in subor- 
dinating mathematical technique 
to physical principles by the use of 
appropriate simple and rational ap- 
proximate solutions, and his skill in 
the presentation of the results in 
clear and logical form have made 
von Karman the outstanding aero- 
nautical scientist of our genera- 
tion.” These words truly describe 
the effect Dr. von Karman has had 
on twentieth century technology. 

Cornell has been honored this 
term by the presence of this great 
scientist as Victor Emmanuel Visit- 
ing Professor in Engineering. In an 
interview, Dr. von Karman dis- 
cussed his own career and the fu- 
ture of aerodynamics, as well 
the work he has been doing in the 
Cornell Graduate School of Aero- 
nautical Engineering. 

Von Karman was born in Buda- 
pest in 1881, the son of intellec- 
tually endowed parents. The at- 
mosphere of his home stimulated 
him in his early days and his in- 
terest in science developed rapidly. 
In 1902, he graduated with high- 
est honors as a mechanical engi- 
neer from the Royal Technical 
University at Budapest. His first in- 
dependent work concerned the re- 
sistance of materials and the buck- 
ling of columns. 

It was not until 1908 that Dr. 
von Karman became interested in 
aeronautics. He recalled how, at 


MAY 1959 


by David S. Kessler, ME 


that time, he came into contact 
with the early aviators in Paris. 
Pioneers such as Henry Farna be- 
came close friends of the young 
Hungarian and von Karman be- 
came interested in the aviators’ 
problems. The maximum speeds of 
aircraft were then only of the order 
of forty- five miles per hour and a 
flight of more than forty miles was 
inconceivable. 

At the University of Gottingen in 
1909, Dr. von Karman abandoned 
his early interest in airplanes and 
worked on problems of the dirigi- 
ble. In 1911, he again became in- 
terested in airplanes. He assumed 
the directorship of the University 
of Aachen and, as a result, gained 
recognition by Kaiser Wilhelm of 
Germany. World War I inte rrupted 
his endeavors. 

Dr. von Karman chuckled as he 
recollected how, in the spring of 
1914, he learned to fly. He agreed 
to give ground training to a group 
of Hungarian aviators in return for 
flight lessons. After ten lessons, he 
was allowed to make a solo flight 
and, while travelling at the “rapid 
speed” of twenty miles per hour, 
he made a nose dive into a potato 
field. Dazed but unhurt, the young 
soldier stumbled out of the field, 
only to be met by the politist in 





Alan Male 


Professor von Kaérm4n 
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charge of the field. The latter had 
a summons and a fine for von Kar- 
man along with the words, “Don't 
you know that in this time of the 
year you are forbidden to trespass 
in the potato field?” 

In spite of such humorous inci- 
dents, there was a war to be fought. 
Dr. von Karman aided the Hun- 
garian cause by pioneering syn- 
chronization of the machine gun 
with the propeller and designing a 
helicopter for artillery observation. 

The war over, von Karman re- 
turned to Aachen, which became a 
leading aeronautical center as a 
result of the work of its outstand- 
ing director. In 1926, the Guggen- 
heim Foundation brought von Kar- 
man to the United States for a lec- 
ture tour. He returned to Germany, 
but in 1930 the Guggenheim Foun- 
dation again beckoned. Dr. von 
Karman was made the director of 
the Foundation’s institute at Calli- 
fornia Institute of Technology. 

Since that time his contributions 
to science has been innumerable. 
Von Karman has excelled in the 
fields of applied mathematics, 
physics, strength of materials, the- 
ory of elasticity, turbulence, me- 
chanics of fluids, aerodynamics of 
aircraft, and heat transfer. One of 
his most notable achievements con- 
cerned the mechanism of fluid 
sistance. He discovered a system of 
alternating vortices and, as a trib- 
ute, this system is known as the 
Karman Vortex Street. Since 1949, 
he has been emeritus, and his ac- 
tivities have been confined to lec- 
tures and to work similar to that 
which he is now doing at Cornell 

Dr. von Karman’s purpose at 
Cornell is twofold. First, he has 
been giving a seminar on combus- 
tion, which he prefers to call aero- 
thermochemistry. Second, he has 
been working with Professors Sears 
and Resler on the problems of 
magnetohydrodynamics. This rela- 
tive sly new field of research involves 
propulsion outside of our atmos- 
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phere. The three men are searching 
for ways to create and use ionized 
gas for propulsion in outer space. 
In addition, if any free time re- 
mains on his schedule, Dr. von 
Karman would like to begin his 
memoirs. 

In discussing the future Dr. von 
Karman said that the next break- 
through in aerodynamics will prob- 
ably be in the nuclear ram jet and 
nuclear rocket areas. Also, inertial 
guidance will soon be perfected. 
But the area in which the most 
work remains to be done he said, 
is that of safety. He envisions in- 
tense activity in this field. The 
guidance of aircraft will be cen- 
trally controlled from the tower. 
The pilot’s only duty will be to 
check the instruments; the tower 
will guide the plane. Electronic 
computers capable of making a 
centrally controlled system work 
will soon be developed. Another 
major area of activity will be 
weather forecast and weather con- 
trol. The present two-dimensional 
weather forecast is inadequate and 
satellites will aid in compiling 
broader forecasts. 

Turning to the area of education 


and, particularly the education of 
a future space scientist, Dr. von 
Karman feels that young American 
students are adequately technically 
minded and that they therefore do 
not need more technical education. 
Essentially, two things are lacking. 
First, more logical thinking is 
needed and second, more memo- 
rizing is needed. The first sugges- 
tion by von Karman is self-explana- 
tory. He explained the second by 
implying that thinking is slowed 
down if one does not have all the 
facts and formulas at his fingertips. 
In addition, the principle that one 
should learn what he likes and dis- 
card what he doesn't like is detri- 
mental to a space-age education. 
A young man must learn every- 
thing, and engineers, in particular, 
must learn more physics and chem- 
istry. 

Dr. von Karman compared the 
European and American systems of 
higher education. American uni- 
versities have two weak points, he 
said. One weakness is that profes- 
sors teach, for the most part, only 
the graduate courses, whereas in 
Europe these better-qualified peo- 
ple teach the fundamental courses. 


In fact, Dr. von Karman finds that 
teaching the fundamentals is more 
inspiring for him. The other weak- 
ness is that American schools have 
too many examinations. The stu- 
dents are not given enough time 
to think and mull over the subject 
matter. Dr. von Karman also found 
differences in rigidity of the cur- 
riculum. In the United States, the 
universities are stricter than the 
high schools, while the opposite is 
true in Europe. Cornell is to be 
praised, he said, because it is more 
in line with the European system. 

Dr. von Karman’s life has paral- 
leled the development of aerody- 
namics, but aerodynamics is just 
now flexing its muscles. Tremen- 
dous advances are yet to be made. 
Dr. von Karman once said, “Per- 
haps the effort necessary to pro- 
ceed from the present-day long- 
range, high-altitude rocket to a 
manned space rocket is no more 
than the effort which led from the 
Wright brothers’ airplane of 1903 
to today’s supersonic aircraft. This 
progress was achieved through the 
thinking and striving of two gen- 
erations of practical engineers and 
theoretical scientists.” 
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Every year new opportunities for graduate engineers in 

various phases of oil producing, refining, research, 

transportation and oil marketing—on a world-wide scale. 
MOBIL OIL CO., MOBIL INTERNATIONAL OIL CO. 


Divisions of SOCONY MOBIL OIL CO., INC. 


AFFILIATED COMPANIES: General Petroleum Corp., Magnolia Petroleum Co. 
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THE PRESIDENT’S LETTER— 


As the end of the school year approaches, a new crop of 
graduates will start out on the long and involved process of 
earning a living, each with the normal hope of advancement in 
his chosen field, and each with the normal crop of ideas and 
ambitions. Earning a living, whatever one’s field, involves get- 
ting along with people. 

About the most succinct advice I have seen on this subject 
comes from the pen of Carl M. Beach, a prominent executive in 
the machine tool industry, who issued these suggestions for the 
benefit of the employees in his company: 


TEAMWORK 

Efficient, intelligent, enthusiastic teamwork is not only important but 
vitally necessary to the successful progress of every man or woman who 
works—whether he be a file clerk, factory worker, plant superintendent 
or president. 

Teamwork makes our work a pleasure—not a bore. 

It makes happy work and profitable work from which we go home 
with a feeling of accomplishment. 
like 


interest 


you. 


1. People will generally do most anything for you if they t 
In 


rherefore, cultivate people. Show a sincere, friendly 
them, their work and their problems. 


Remember that our customers are our real bosses. They will continue 
to do business with us only so long as they think they receive the 
quality and service owed them. 

. We shouldn't worry about who gets the credit for a good job as long 
as the team and company benefit. Remember that every player on a 
football team is important, not just the one who scores. Unless each 
and every player does his part, the team does not win. Whatever 
your job may be it is important to the company team, 

Never fail to take the blame when the fault is yours. One of the best 
ways to develop strong team spirit is to make it clear that no one 
will be blamed for another’s mistakes. 

Keep it simple. The “hard way” makes it difficult for everyone on 
the team. 

. Cooperate. Cooperation is teamwork in action. 

Avoid gossip. Idle gossip is the natural enemy of effective teamwork, 
Have a constructive attitude. A negative, critical attitude dulls the 
enthusiasm and spirit of all who witness it. A positive, helpful attitude 
inspires others to higher interest and effort. 


. Welcome res 


. Time your work to fit the next man’s or department’s schedule so 
that things flow smoothly. Did you ever look inside your watch? It 
keeps time as long as every part does its job—but if one wheel stops 

the watch stops. 
Don’t be afraid to ask questions if you don’t know. It is better to 
be right than sorry. 


. Answer questions—and cheerfully. Help the other fellow and make 


it easy for him to ask questions. 


2. When you give an order to a worker be sure to accompany it with 


instructions for its proper execution. Then forget it. 
doubt his ability to 


the 
Don’t 
carry 


necessary 
look over his shoulder as though you 
it out. 


3. Show enthusiasm and feel it. If it is real you will be surprised how 


contagious it becomes. 

. Get it done. When a thing has to be done—do it. Don’t just talk 
about it. 

. Try first to figure it out for yourself. Instead of asking your superior 
“What shall I do about this?’’—give it careful thought and when you 
think you have the answer say “I think this should be done this way 

do you approve?” 
Establish a reputation for fairness. Let everyone on your team know 
that they can count on what you say—that you will play no favorites 
and will always carry your share of the load. 
»onsibility—don’t dodge it. When one person on a team 
is asked to oailer more responsibility than another it is a compli- 
ment to that person. 

Keep a little black book—of ideas, suggestions, mistakes you have 

made and want to overcome, things you’ve learned, things you want 

to do for self-improvement. 


. Give encouragement freely when deserved. 


. Give full measure and carry your weight. 
. Say “we” more often than “I’’—that’s the team way. 


2. Concentrate on your job. Let the other fellow do his own without 


your help forced on him. 

Hear the other fellow’s point of view. You may not agree with him 
but he is entitled to be heard. That’s the way ideas are born. 

Avoid waste. Wasteful practices make a big dent in profits and in 
profit sharing. 

Never stop learning. We cannot get 
keeping our minds closed to new ideas. 
People are human beings. They have hearts and minds and feelings 
and no two are alike. Good teamwork calls for understanding on 
the part of each of us. 

Do your work each day as though you were in business for yourself, 


Good thoughts here! 


ahead by standing still and 


Roscoe H. Futter 
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John Munns, M.E. ’14, has re- 
tired from National Steel Corpora- 
tion. Mr. Munns started his career 
with Bethlehem Steel before serv- 
ing as a lieutenant in the Navy. 
During his naval career, he was 
decorated for heroic rescue action. 
Mr. Munns then joined Continental 
Can, where he became manager of 
its Chicago operations. He joined 
National Steel in 1935 to establish 
at the Weirton division the first 
quality control department in the 
steel industry. In 1954, he became 
vice president of research and qual- 
ity control for National, senior vice 
president in 1955, and executive 
vice president in 1956. 


Martin Richmond, B.S.A.E. °48, 
has been promoted to vice presi- 
dent of the Consumer Products Di- 
vision of Emerson Radio and 
Phonograph Corporation. The pro- 
motion was announced by the 
president of the corporation, Ben- 
jamin Abrams. 

Mr. Richmond is a member of 
the Cornell Society of Engineers 
and the American Institute of In- 
dustrial Engineers where he has 
lectured on Work Measurement 
Techniques. He is also a founder of 
Work Factor Associates. 

Mr. Richmond joined Emerson 
as an industrial engineer in 1949 
and by 1955 he had advanced to 
the position of chief methods and 
standards engineer. He became 
staff assistant to the vice president 
of engineering and manufacturing 
in 1956. He was then promoted to 
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the position of production manager 
in 1957 and to that of works man- 
ager less than a year before he as- 
sumed his present job as a vice 
president. 


Robert N. D’heedene, E.P. 57, 
has been awarded a graduate fel- 
lowship from Bell Telephone Lab- 
oratories. He is a member of Tau 
Beta Pi and had received a Nation- 
al Science Foundation Fellowship 
for 1957-58. He is presently attend- 
ing Harvard University where he 
is pursuing his speci: alty of applied 
mathematics. 


George L. Weissenburger, M.E. 
'24, was saluted recently in Iron 
Age. He is president of Keokuk 
Electro-Metals Co.; has been a 
member of the lowa Development 
Commission, Iowa Manufacturers’ 
Association, Quad-Cities Post of 
the American Ordnance Associa- 
tion, and a trustee of Parsons Col- 
lege. He is also a regional vice- 
president of the National Associa- 
tion of Manufacturers. His further 
list of activities includes local busi- 
ness groups, service groups, and 
county politics. 


Dr. John L. Carter, Jr., Ph.D. 52, 
has been appointed Supervisor of 
Theoretical Physics at General 
Electric Company's Hanford Lab- 
oratories, Richland, Washington. 
Hanford Laboratories is part of the 
Hanford atomic works. 

Dr. Carter will supervise research 
work in the fields of reactor physics 
and solid state physics. 

Since joining the company he 
has been employed as a physicist 
at its plants in West Lynn, Massa- 
chusetts, and Richland. 


Dan E. Westervelt, C.E. ’40, has 
been appointed to the sales engi- 
neering staff of the Montebello fab- 
ricating division plant of Kaiser 
Steel. 

Before joining the Kaiser organi- 
zation in 1957, Mr. Westervelt was 
engaged in government work, serv- 
ing for two years as chief supply 
service director for the United Na- 
tions Korean Reconstruction 
Agency and later as consultant for 
the General Service Administration. 


Prior to his appointment at Kaiser 
Steel's Montebello plant, he was 
government projects manager for 
Kaiser Engineers Division, Henry 
J. Kaiser Company. 

A native of New Jersey, Mr. 
Westervelt attended Culver Mili- 
tary Academy. He is a member of 
the National Society of Professional 
Engineers, American Society of 
Civil Engineers and the American 
Society of Military Engineers. 


William R. Heath, M.E. ’22, was 
recently promoted from executive 
vice president to president of the 
Buffalo Forge Company. Mr. Heath 
joined Buffalo Forge immediately 
following graduation. A short time 
later, he became chief engineer 
and rose quickly through a series 
of promotions to the presidency. 


Warner D. Orvis, M.E. 07, was 
recently presented an anniversary 
tray marking his forty-five years of 
service as a trustee of Manhattan 
Savings Bank. He is senior partner 
in Orvis Bros., brokers. 


Horace H. Chandler, M.E. 32, 
has been appointed manager of the 
Texas Company (Iran), Ltd., with 
offices in London. He was formerly 
assistant manager and has been 
with Texaco for twenty-six years, 
mainly in the refining de pi artment. 
He became superintendent of the 
company’s Eagle Point Works in 
1955 and in 1957 was assigned to 
the London offices. 
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School of Civil Engineering 
Class of 1959 
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Photo Science 
5. Lewis, Prof. Taylor D.; 6. Mason, Prof. Richard E.; 
= 26. 


Werkie, Teshome; 27. Kassa, Aberra; 28. Wiedenhoeft, Ronald V.; 29. Alkoff, Jerome; 30. Crawford, John W.; 31. Bruno, Malcolm L.; 32. Bond, 
Timothy G.; 33. Goldberg, Arthur H.; 34. Flumerfelt, Robert R.; 35, Santucci, Lawrence E. Jr. 


School of Chemical and Metallurgical Engineering 
Class of 1959 


Photo Science 


1. Mares, Ronald A.; 2. Goodspeed, Richard C.; 3. Lichtenstein, Chase; 4. Buzzelli, Donald; 5. Knittel, Richard; 6. Fein, Harvey; 7. Marion, Edwin D.; 
8. Danzer, Dean; 9, Greene, Howard L.; 10. Hanson, William G.; 11. Alexander, Hugh; 12. Walsh, Frank F.; 13. Midler. Michael; 14. Atwater, J. 
Donald Jr.; 15. Ripps, David L.; 16. Kriegsman, Bernard; 17. Slack, John B.; 18. Sweeney, Donald E.; 19. Muenker, Adolf H.; 20. Oravis, Lewis F.; 
21. Croasdale, Barry F.; 22. Kurtz, Patrick T.; 23. Nozik, Arthur; 24. Allen, A. Callway Jr.; 25. Bowes, Alan T.; 26. Yates, Edward M.; 27. Moyer. 
Richard N.; 28. Weaver, Jack; 29. Whilton, Bruce; 30. Yates, Henry B.; 31. Marshall, Bruce C.; 32. Yoh, Charles R.; 33. Schmidt, Norman B.; 34. 
Unger, John F.; 35. Eales, V. Richard; 36. Jenkins, Orin K.; 37. Jones, Frederick G. Jr. 
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THEODORE VON KARMAN SPEAKS 
AT CORNELL ENGINEER BANQUET 


The Cornett ENGINEER held its 
annual banquet on April 12 at the 
Clinton House. The highlight of 
the program was an after-dinner 
talk by Theodore von Karman who 
is visiting Cornell this term as Vic- 
tor Emmanuel Professor in Engi- 
neering. 

Toastmaster was the retiring 
editor-in-chief, John M. Walsh III, 
who announced the retiring board 
members and the incoming publi- 
cation board. Alan Rosenthal, the 
incoming editor-in-chief, then took 
the floor to present the retiring edi- 
tor-in-chief with a gift for his serv- 
ices and to present the retiring as- 
sistant business manager, Sidney 
Turkish, with a gift for his out- 
standing contribution to the Cor- 
NELL ENGINEER during his five years 
on the staff. 

Solomon C. Hollister, dean of the 
College of Engineering, then rose 
to introduce the guest speaker, Dr. 
von Karman. Dr. von Karman is 
one of the world’s leading authori- 
ties in the field of aerodynamics 
and has been at Cornell since the 
start of the spring term. 

Dr. von Karman spoke about en- 
gineering and stressed the impor- 
tance of (1) the history of scien- 
tific developments and (2) a sub- 
stantial knowledge of the funda- 
mentals. He said that it is neces- 
sary to understand the way in 


which discoveries were made in the 
past in order to be able to make 
new discoveries. He commended 
the CorNeELL ENGINEER for the 
many historical articles it has pub- 
lished. 

He also stressed a knowledge 
of fundamentals, pointing up the 
fact that a broad background is 
necessary to the development of 
new fields and that up to now de- 
velopments have been made mostly 
by physicists and mathematicians. 
He commended the Cornell Col- 
lege of Engineering on its efforts to 
provide many basic physics, chem- 
istry, and math courses in the engi- 
neering curriculum. 


CORNELL PLANNERS HOLD URBAN 
TRANSPORTATION CONFERENCE 

The Second Annual Spring Con- 
ference of the Organization of Cor- 
nell Planners was held at the Uni- 
versity on March 20-21 in Statler 
Hall. Goal of the conference was, 
through the combined efforts of the 
many professional experts in trans- 
portation and land-use planning 
who attended, to contribute to 
knowledge in the field of urban 
transportation which is one of the 
major problems of present-day ur- 
ban development. 

The program of the conference 
was organized entirely by students 
of the Planners, a group of grad- 
uate students in architecture. The 
program featured a lecture on “Met- 
ropolitan Transportation” by Roger 


Alan Male 


Retiring Editor-in-Chief Jack Walsh receives a gift from his successor, Alan Rosenthal, 
on behalf of the staff of the Cornell Engineer. 
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L. Creighton, assistant director of 
research and planning of the Chi- 
cago Area Transportation Study. 
Several panel discussions were 
also presented, The first of these 
was “Transportation as a Builder 
of Cities,” given by Prof. Serge 
Chermayef of the Harvard Grad- 
uate School of Architecture; John 
G. B. Hutchens, professor of busi- 
ness history and transportation at 
Cornell; and Dean Thomas W. 
Mackesey, of the Cornell College 
of Architecture. The series’ second 
discussion, “Trends in Urban Trans- 
portation,” was presented by David 
L. Mackie of the Eastern Railroad 
Presidents’ Conference; D., Grant 
Mickle of the Automotive Safety 
Foundation; Walter Rainville of 
the American Transit Association; 
and Wilbur Smith, transportation 
consultant. Participants in the third 
panel, “Framework for Planning— 
Search for a_ Policy,” included 
Creighton; Richard A. Miller, 
associate editor of Architectural 
Forum; and David R. Levin of the 
Bureau of Public Roads. Speaking 
in the last panel discussion, “Land- 
Use Planning in an age of Chang- 
ing Transportation Patterns,” were 
John T. Howard of the Massachu- 
setts Institute of Technology; T. 
Ledyard Blakeman, planning §ad- 
visor; Frederick P. Clark, planning 
consultant; and Carl Feiss, plan- 
ning and urban renewal consultant. 


JOHN TILTON RETIRES 
FROM ARCH. COLLEGE 


The end of the spring term will 
see the loss of one of Cornell Uni- 
versity’s finest men. The retirement 
of Professor John Tilton of the Col- 
lege of Architecture has recently 
been announced by the college. 

An alumnus of Cornell, Professor 
Tilton received the B.Arch. degree 
in 1913 and the M.Arch. degree in 
1914. Before joining the faculty of 
the college in 1932, he was a part- 
ner in the Chicago architectural 
firm of Furst, Armstrong, and Til- 
ton, a position he retained for sev- 
eral years following his coming to 
Cornell. 

Professor Tilton served as acting 
dean of the College of Architecture 
in 1937 and 1938. He has also 
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served as assistant dean and as sec- 
retary of the College. At the pres- 
ent time, Professor Tilton teaches 
working drawings, mechanical 
equipment, and freshman descrip- 
tive geometry in the college and is 
one of the outstanding men in his 
field. At last year’s annual meeting 
of the Association of Collegiate 
Schools of Architecture, Professor 
Tilton was presented with one of 
only three Certificates of Merit 
given to Professors of Architecture 
in the United States in recognition 
of long years of effective teaching. 


THREE CORNELL AERO STUDENTS 
WIN IAS AWARDS FOR PAPERS 


Three Cornell students received 
prizes for their papers at the North- 
eastern Student Conference of the 
Institute of the Aeronautical Sci- 
ences which was held at Cornell on 
April 4. The conference included 
the presentation of papers in the 
morning and afternoon and a ban- 
quet in the evening at which Dr. 
Theodore von Karman was the 
guest speaker. 

The winners announced at the 
banquet were: in the undergradu- 
ate group, Joseph Pratt of Virginia 
Polytechnic Institute and Albert 
George of Princeton; in the masters 
group, Alister Frazer of Brown and 
John Moran of Cornell; and in the 
doctorate group, William Rae and 
Edmund Lary, both from Cornell. 
The papers were judged on the 
basis of presentation and content. 
The winners received cash prizes 
of $100 and $75 for first and second 
place. The first place winners also 
will have their papers published 
along with all the other IAS Re- 
gional Student Conference winners 
in a book. One top winner is then 
chosen from each group at the an- 
nual IAS convention the following 
January to receive the Minta Mar- 
tin Award. Herman Mark, Ph.D. 
‘57 won this award in the graduate 
division in 1957. 

At the banquet held in the Stat- 
ler, Dr. von Karman, who is the 
Victor Emanuel Visiting Professor 
in Engineering at Cornell this term, 
spoke on “Engineering Education 
in Our Age.” He stated that it is 
not sufficient for an engineering 
education to be a transfer of the 
previous generations’ experience in 
a field. It must also include or in- 
deed emphasize the fundamentals 
of science in any field of interest. 
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As an example, he presented. the 
case of the modern aerodynami- 
cist who must be well versed in 
physics, thermodynamics, chemis- 
try, electromagnetic theory and 
several other fields. 

Dr. von Karman also gave some 
advice to the young aeronautical 
engineers, telling them not to jump 
on the bandwagon of space and 
treat it as the sole area of interest 
in their field in modern times, but 
rather to treat it as an extension of 
travel in the air. Man will still be 
using airplanes for a long time to 
come and there are many problems 
still to be solved in that field. 

The Cornell student chapter of 
the IAS is unusual in that it is com- 
posed almost entirely of graduate 
rather than undergraduate students. 
This is principally due to the fact 
that the School of Aeronautical En- 
gineering is for graduate study 
only. 


PROF. SACK RETURNS 
FROM EUROPEAN TRIP 

Henri S. Sack, professor of Engi- 
neering Physics, has recently re- 
turned to campus after a trip to 
Europe. Prof. Sack was in Europe 
from August until March and did 
research and gave many lectures in 
the field of solid state physics. 

Prof. Sack spent part of his time 
in Belgium where he did research 
on radiation damage in solids at 
the Belgium Atomic Ene a Center 
at Roe-Dont near Brussels. He also 
gave approximately thirty-six lec- 
tures that were sponsored by the 
Advisory Group on Aeronautical 
Research and Development, which 
is a division of NATO. Most of 
these lectures were given at uni- 
versities, government agencies, and 
industries in the NATO countries 
of Belgium, Holland, France, Ger- 
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Ken Workman 
Professor Sack 


many, Norway, and Great Britain. 
Dr. Sack also exchanged much in- 
formation with the NATO countries 
and helped to publicize the work 
that is being done in America. 

Throughout Europe, Prof. Sack 
noticed that research facilities were 
being built up and that firms were 
having difficulty getting qualified 
scientists and engineers to do re- 
search, but that the situation was 
improving. He noticed everywhere 
that there was a growing aware- 
ness of the importance of materials 
in technical development. 


AEC-ASEE TO OFFER SUMMER 
NUCLEAR ENERGY INSTITUTE 

The Atomic Energy Commission 
and the American Society of En- 
gineering Education will jointly 
sponsor an Institute on Nuclear 
Energy at Cornell University this 
summer. The Department of Engi- 
neering Physics will be responsible 
for conducting the program and 
Professor T. R. Cuykendall, head 
of the Engineering Physics Depart- 
ment, will be the director. 

The summer Institute will give 
thirty engineering and science col- 
lege teachers from all over the na- 
tion an opportunity to learn the 
broad concepts of reactor problems 
with the hope that they will then 
be able to aid their institutions in 
planning nuclear programs and in 
incorporating pertinent material 
into present courses, A similar insti- 
tute is also being held at North 
Carolina State College in Raleigh, 
N.C. Both institutes will run from 
June 22 to August 14 and will con- 
sist of a balanced program of lec- 
tures and laboratory experiments. 

The mornings will be taken up 
by lectures covering the fields of 
nuclear physics, reactor physics, 
nuclear metallurgy and materials, 
chemical processing, radiochemis- 
try, instrumentation, radiation dam- 
age and hazards, health physics, 
and isotope separation. There will 
be about sixty-two of these lec- 
tures. 

Since nuclear technology is an 
experimental laboratory 
experiments relating to the lecture 
topics will be performed four after- 
noons a week to supplement the 
lecture material. These experi- 
ments will include the determina- 
tion of half-lives, the transmission 
and back-scattering of 
gamma spectroscopy, uranium mi- 


science, 


neutrons, 
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crostructure, absolute flux measure- 
ment, sub-critical reactor parame- 
ters, and reactor kinetics with an 
electronic simulator. There will 
also be a tour of the Cornell 1-MEV 
Synchrotron. 

Besides the regular lecture and 
laboratory program, there will be 
seve ral lectures on topics in nucle sar 
engineering given by invited guests 
who are authorities in this field. 
Last year these lectures covered 
such topics as the gas cooled reac- 
tor, the molten salt reactor, the li- 
quid metal—fuel reactor, and the 
use of critical assemblies in reactor 
design, 

The last ten days of the Institute 
will be spent at the Brookhaven 
National Laboratory on Long Is- 
land where there will be lectures 
on special topics, tours of the facil- 
ities, and laboratory experiments. 
Last year’s program included tours 
of the health physics operation, 
medical reactor facilities, the hot 
laboratory, and the cosmotron, as 
well as an observation of the graph- 
ite reactor shut-down and. start- 
up. A similar program for those at 
North Carolina will be held at Oak 
Ridge. 


C. A. COULSON SPEAKS AT 
BAKER LECTURE SERIES 


C. A. Coulson, one of Britain’s 
leading scientists, discussed “The 
Size and Shape of Molecules” be- 
fore audiences at Cornell Univer- 
sity in the annual series of Baker 
lectures this spring. The lecture 
series lasted from Feb, 17 to April 
30 and Professor Coulson spoke 
every Tuesday and Thursday dur- 
ing that time, 

Prof. Coulson is Rouse Ball Pro- 
fessor of Mathematics at Oxford 
University and a fellow of Wad- 
ham College at Oxford. He re- 
ceived his M.A. and Ph.D. degrees 
from Cambridge University and 
has been awarded a Doctor of Sci- 
ence degree from St. Andrews Uni- 
versity. He is a fellow of the Royal 
Society, the Royal Society of Edin- 
burgh, and the Institute of Physics. 

Prof. Coulson is the author of 
three scientific textbooks and about 
two hundred research _ papers, 
chiefly in the fields of quantum 
theory and theoretical chemistry. 
He has also written many articles 
on the relation between science 
and religion. 
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FOUR BOARD MEMBERS OF THE 
CORNELL ENGINEER RETIRE 


Some of the staff members of the 
CorNELL ENGINEER will graduate in 
June. Since they have contributed 
so much to the success of the maga- 
zine over the past few years the 
ENGINEER is pleased to introduce 
the graduating staff members to 
the readers. 

John Walsh, the retiring editor- 
in-chief, rose through the offices of 
associate editor and managing edi- 
tor after joining the ENGINEER as a 
freshman. A student in the School 
of Chemical Engineering, Jack is a 
member of the American Institute 
of Chemical Engineers and was 
President of Pros-Ops, the chemical 
engineering honorary, besides be- 
ing in Pi Delta Epsilon, the jour- 
nalism honorary. He has been a 
member of the varsity fencing 
team and secretary of the Cornell 
Fencers Club. Jack is also a mem- 
ber of Acacia fraternity and the 


American Contract Bridge League. 
In the future Jack would like to 
enter a managing or supervisory 
position for process development in 
one of the chemical or metallur- 
gical industries. 

Harry Fertik assumed the posi- 


tion of associate editor after he 
joined the magazine as a sopho- 
more mechanical engineer. He was 
able to work on the magazine be- 
sides being in the engineering co- 
operative program and becoming 
a member of Mu Sigma Tau, the 
cooperative honorary. Harry is also 
a member of Pi Tau Sigma and Pi 
Delta Epsilon, mechanical engi- 
neering and journalistic honoraries. 


Harry says that while he was on 
the ENGINEER he tried to “redefine 
the role of the magazine on cam- 
pus and to expand College News 
and the place of Cornell in the ENn- 
GINEER. In the immediate future 
he is going to graduate school to 
study instrumentation and _ auto- 
matic control. 

Starting on the ENGINEER as a 
sophomore, Robert Bryant _ has 
risen through the offices of office 
manager and treasurer to his pres- 
ent position as business manager. 
While he was working for the EN- 
GINEER, Bob also found time to be- 
come president of Pi Delta Epsilon 
journalistic honorary, vice presi- 
dent of the Engineering Council, 
and a member of Alpha Delta Phi 
fraternity. Although he will grad- 
uate as a mechanical engineer, 
Bob’s plans for school are far from 
complete. He expects to get a mas- 
ter’s degree in business from Cor- 
nell in one more year, since he was 
double registered in the two 
schools last year, and then go on to 
get a law degree. 

Sidney Turkish joined the ENcr- 
NEER Staff as a freshman EE. Since 
then he has held the offices of cir- 
culation manager and assistant 
business manager. Sid also has 
been treasurer of Mu Sigma Tau 
cooperative honorary, a member of 
Pi Delta Epsilon journalism hon- 
orary, and a member of Sigma Al- 
pha Mu fraternity. Sid recently re- 
ceived the Pi Delta Epsilon award 
for the outstanding campus journal- 
ist of the year. 


The retiring board members of the Engineer: Bob Bryant, Harry Fertik, Sid Turkish, 
and Jack Walsh. 
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Career 


Opportunities 
at NASA 


SPACE TECHNOLOGY 


Space vehicle development, including basic planning, 
development, contract coordination, and operational 
programming and planning for manned and unmanned 
satellites. Systems studies for auxiliary power supplies, 
air regenerative systems, instruments, guidance and 
communication equipment for space vehicles. 

Space probes: Development and operation of vehicles, 
payload and instrumentation, programming and opera- 
tion of flight, trajectory, communication systems, and 
ground support systems for near space and deep space 
probes. 


Beltsville 


SPACE MECHANICS 
Experimental and analytical study of orbital mechanics 
including parameters of preliminary and refined orbits, 
ephemerides, lifetimes, equator crossings and perturba- 
tions. 

Beltsville; Langley; Ames 


PROPULSION AND PROPULSION 
SYSTEMS 


Developmental studies of boosters, launchers, multi-stage 
engines, guidance and attitude control systems for space 
vehicles. 

Basic research on the interrelationships between elec- 
trical, magnetic and thermodynamic energy, and appli- 
cation of such knowledge to space propulsion. 

Magneto hydrodynamics: Research on plasma and 
ion accelerators for space propulsion and auxiliary power 
systems. 

Research on reactors and reactor shielding for aero- 
nautical and space propulsion systems. 

Beltsville; Lewis 


AERODYNAMICS AND FLUID 
MECHANICS 


Investigation of the thermodynamics and transport prop- 
erties of gases at high temperatures as encountered in 
entry into planetary atmosphere. 

Research on performance, stability and control, auto- 
matic guidance, and navigation for subsonic, supersonic, 
and hypersonic aircraft. 

Aerodynamic heating and satellite re-entry phenomena. 

Langley; Ames; Lewis; High-Speed Flight Station 


(Positions are filled in accordance with 
Aeronautical Research Announcement 61B) 


NASA directs and implements the Nation’s re- 
search efforts in aeronautics and the exploration 
of space for peaceful purposes and the benefit of 
all mankind. We offer unique opportunities in 
basic and applied research to scientists and engi- 
neers with degrees in the various disciplines. 

Briefly described here are representative cur- 
rent NASA programs. Openings exist in all of 
these programs, at the facilities named. 


INSTRUMENTATION AND 
COMMUNICATION 


Research and development of new sensing devices and 
instrumentation techniques in electronics, optics, aero- 
dynamics, mechanics, chemistry and atomic physics. 

Systems studies and evaluation of control, guidance, 
Navigation, and communication equipment for space 
vehicles and other high performance applications re- 
quiring rugged and compact design. 

All Facilities 


GEOPHYSICS, ASTRONOMY AND 
ASTROPHYSICS 


Experimental programs and evaluation studies of astro- 
nomical and geophysical measurement and scientific 
equipment used in space vehicle payloads. 

Studies of fields and particles in space, investigations 
of the composition of planetary atmospheres, and de- 
velopment of instrumentation and experimental tech- 
niques for these investigations. 


Beltsville 


STRUCTURES AND MATERIALS 


Investigation of the characteristics of high temperature 
structures and materials. Study of fatigue, structural 
stability, and other problems of structural dynamics. 

Solid State Physics: Study of the elementary physical 
processes involved in mechanical behavior of materials, 
such as fractures; the nature of the corrosion process; 
and physical-chemical relationships governing behavior 
of materials. 

Langley; Ames; Lewis 


MATHEMATICS 


Application of advanced mathematical techniques to the 
solution of theoretical problems in aeronautical and 
space research, involving the use of large modern com- 
puting equipment. 

All Facilities 


RESEARCH FACILITY 
ENGINEERING 


Translation of research specifications into complete ex- 
perimental facilities, involving mechanical, electrical, 
structural, architectural and machine design, and con- 
struction engineering. 

Langley; Ames; Lewis 


Please address your inquiry concerning any of the 
programs listed here to the Personnel Director of 
the appropriate NASA research center: 

Langley Research Center, Hampton, Virginia 

Ames Research Center, Mountain View, California 
Lewis Research Center, Cleveland, Ohio 

High-Speed Flight Station, Edwards, California 

Beltsville Space Center, 4555 Overlook Ave., 
Washington, D. C. 


NA SA National Aeronautics and Space Administration 
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Raising the roof... 
another example of DENISON’S 
hydraulic ingenuity 




















Lift-slab, a construction technique first used in 1950, 
actually lifts huge concrete slabs skyward to form the 
floors and roofs of modern buildings. At first a novelty, 
the lifting of 500-ton slabs thirty feet in the air and more 
is now an everyday occurence. HYDRAULICS 
The technique is simple. Concrete slabs are poured IN YOUR 
individually at ground level, cured, and then lifted one FUTURE 
at a time to proper elevation by a series of lifting jacks 
or screws. In each jack, a Denison hydraulic pump/motor 
furnishes constant, accurately controlled torque to follow 
up the lifting action of the jacks. 
With dependable hydraulic power, the operation is, 
in every practical sense, foolproof. 
Here is just one more instance where hydraulic power 
has been put to work for product or process improve- 
ment. Find out how hydraulics fit into your future. Write 
Denison Engineering Division, American Brake Shoe Co., yA 
1218 Dublin Road, Columbus 16, Ohio. i ‘ 
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RADAR CONTACT WITH VENUS 
PROVIDES VALUABLE DATA 

The first successful attempt to 
establish radar contact with the 
planet Venus has been reported by 
a research team at the Lincoln 
Laboratory at the Massachusetts 
Institute of Technology. This ex- 
periment with radar astronomy 
achieved a one hundredfold in- 
crease in the longest range ever at- 
tained with radar and is the first 
instance of a direct two-way con- 
tact with any celestial body _be- 
yond the moon. 

This contact was made at a dis- 
tance of approximately 28 million 
miles, the radar waves having been 
detected after travelling the round- 
trip distance of 56 million miles. 

The experiment was conducted 
on February 10 and 12, 1958. Since 
the returning radar pulses were too 
faint to be observed directly or 


measured — individually, the — re- 


ceived signals were recorded on 
magnetic tape and subjected to ex- 
haustive analysis by a high-speed 
digital computer. Approximately a 


year has been required to develop 
and use the intricate computing 
methods which were necessary to 
isolate the returned radar signals 
from electrical noise mixed in with 
the recorded data. 


In recent years, astronomers 
have been eagerly awaiting the 
first radar detection of any one of 
the planets because of the great 
accuracy with which radar can 
measure distances, Distances be- 
tween planets are already known 
to a high degree of precision, but 
the distances between the earth 
and these planets are only roughly 
known. The more accurate deter- 
mination of the distance from the 
earth to any one planet would then 
make it possible to calculate all 
other interplanetary distances more 
accurately. 

The Lincoln Laboratory experi- 
ment has produced two highly ac- 
curate measurements of the round- 
trip travel time of radar signals be- 
tween the Earth and Venus. When 
properly interpreted, these meas- 
urements of time should make it 
possible to fix the size of the solar 
system to an accuracy of one-thou- 
sandth of one per cent, an accu- 
racy almost one hundred times 
greater than has been possible by 
the most refined optical methods. 
Preliminary calculations from the 
Lincoln data indicate that the di- 
mensions of the solar system are 
somewhat smaller than the previ- 
ously accepted values, but this in- 
terpretation requires further study. 


M.I.T. Lincoln Laboratory 


M.I.T. Lincoln Laboratory’s Millstone Hill Radar Observatory recently made the first 
radar contact with the planet Venus. 
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‘HOT-COLD-LIGHT’ PANEL 
UNVEILED BY WESTINGHOUSE 

Wall or ceiling panels, perhaps 
no thicker than a picture frame, 
may some day cool a home in sum- 
mer, heat it in winter, and light it 
the year round. The first experi- 
mental model of such a three-pur- 
pose panel has been revealed by 
Westinghouse Electric Corporation. 

The experimental panel com- 
bines into a single operating unit 
two of man’s newest technological 
advances, thermoelectric refrigera- 
tion and electroluminescent light- 
ing. Thermoelectric refrigeration 
produces cooling in certain solid 
materials directly from the flow of 
an electric current. Electrolumi- 
nescent lighting is produced by 
glowing panels no thicker than a 
sheet of ordinary window glass. 

The new foot-square “hot-cold- 
light panel, composed entirely of 
solid state materials, has no mov- 
ing parts. It produces as much 
light as a twenty-five-watt bulb, 
can maintain a surface temperature 
approaching that inside a house- 
hold refrigerator, and, by the flick 
of a switch, can raise that surface 
temperature to about 130 degrees 
Fahrenheit—a temperature suitable 
for radiant heating. 


COOL-RUNNING RADIO TUBE LASTS 
LONGER AND USES LESS POWER 


Development of a new, cool-run- 
ning radio tube, considered the 
first major breakthrough in basic 
tube design in thirty years, has 
been announced by the Depart- 
ment of the Army. The radically 
new tube, developed jointly by the 
U. S. Army Signal Research and 
Development Laboratory and 
Tung-Sol Electric Incorporated, 
glows blue instead of red and uses 
less than one-tenth the power of a 
standard hot-cathode tube. 

This radio tube could be the 
forerunner of a new line of gen- 
eral-purpose tubes for broad mili- 
tary and civilian use. Due to its 
potential reliability, the tube may 
outlast any equipment in which it 
is used. In the future, radios and 
TV sets equipped with cold tubes 
may rarely need tube replacement. 
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Like other electron tubes, the 
new tube is extremely resistant to 
heat and atomic radiation. These 
properties are important in mili- 
tary equipment which may have to 
withstand nuclear blasts or the 
searing heat of missile nose-cones. 

The cold-cathode principle is be- 
lieved adaptable to almost all types 
of electron tubes including TV 
screens and giant radar and trans- 
mitting tubes, as well as nearly all 
general-purpose radio tubes. Min- 
iature and sub-miniature tubes, 
which would compare favorably 
with the transistor in size, may 
also be feasible. 

Ordinary tubes have always re- 
quired a red-hot cathode element 
to generate needed electrons. This 
heating takes a large percentage of 
the power and forces the use of 
more complicated circuits or extra 
batteries. In the new tube, the hot 
element is replaced by a cold cath- 
ode, which is a tiny nickel cylinder 
specially coated with porous mag- 
nesium oxide. Instead of heat, a 
high voltage field causes the elec- 
tron flow, which in turn produces 
the tube’s characteristic phospho- 
rescent blue glow. 

Models of the new tube spring to 
life as soon as they are turned on, 
while ordinary tubes require sev- 
eral seconds for warm-up. Discov- 
ery of the new device may even- 
tually lead to the development of 
smaller, faster-acting walkie-talk- 
ies, and simplified design of other 
communications gear where the 
heat generated by conventional 
tubes poses serious problems. 


GAS TURBINE DEVELOPED 
FOR TRUCK-CAR USE 

Development of a unique super- 
charged gas turbine engine of 300 
horsepower was announced today 
by Ford Motor Company. Its 
weight is only one-fourth that of a 
truck diesel engine of comparable 
horsepower while its fuel economy 
rivals that of a diesel and is supe- 
rior to that of a conventional gaso- 
line engine under most operating 
conditions. 

Earlier gas turbines designed for 
trucks and passenger cars have em- 
ployed one stage of air compres- 
sion. The new Ford turbine has 
two—one a supercharging stage 
which enables the engine to deliver 
more horsepower from a smaller 
size. Each compressor stage effects 


MAY 1959 


a four-to-one air compression. The 
low speed compressor turns at 
46,500 revolutions per minute and 
the high speed one, at 91,500 revo- 
lutions per minute. 

Early gas turbine designs had 
only one combustion chamber 
while the new turbine has two 
burners. Both the primary and the 
re-heat combustion chambers op- 
erate at 1,700 degrees Fahrenheit. 
Exhaust gases are discharged at 
about 740 degrees Fahrenheit, 
which is roughly the same temper- 
ature as conventional passenger car 
exhausts. 

The new engine is efficient over 
a wide range of power outputs. 
Maximum fuel economy can be ob- 
tained anywhere in the range from 
25 to 100 per cent of full power 
whereas earlier designs had good 
efficiency only when operating at 
near full power. 


UNDERGROUND SHELTER PROTECTS 
AGAINST ATOMIC WEAPONS 

An underground shelter for pro- 
tection against atomic weapons has 
been constructed by the U. S. 
Army Engineer Research and De- 
velopment Laboratories. The cor- 
rugated metal structure is designed 


for use in overseas theaters of op- 
erations and has been tested with 
conventional explosives under high 
explosive blast conditions. 

The tests indicated that the new 
shelter can withstand blast pres- 
sures of up to sixty pounds per 
square inch. The primary purpose 
of the tests was to evaluate the en- 
trance, blast protector, and venti- 
lation designs. The manually-pow- 
ered ventilation system was tested 
by forty volunteers who spent 
twenty-four hours in the shelter 
without incident. 

The shelter is formed of heavy 
corrugated steel plates bolted to- 
gether in the shape of a parabolic 
arch. The crown height of seven 
feet affords ample headroom. The 
test unit, which is sixty-eight feet 
long and ten feet wide, was placed 
in an excavation eleven feet deep, 
and covered with four feet of soil. 
Entrance to the shelter is through 
two combined vertical and_hori- 
zontal tubes, each three feet in 
diameter and thirty feet in overall 
length, capped with a perforated 
blast cover and door. At ground 
surface, rocks are placed around 
the tubes to a depth of five feet to 
form a blast stopper. 


Ford Motor Company 


This is the “704”, a supercharged gas turbine engine developed by Ford Motor 
Company. 
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The abolition of the Spring vaca- 
tion would work a greater hardship 
on the students of Sibley College 
than on the members of the other 
departments of the University. One 
argument that has been offered in 
favor of abolishing the recess, which 
practically splits the second term 
in half, is that there is difficulty in 
getting the men to take up their 
work where they left off with the 
proper alacrity and interest. We 
feel that this condition, while un- 
desirable, is more desirable than 
one wherein the students would be 
in such mental and physical condi- 
tion as to make their work by the 
end of the term not only disinter- 
ested but poor, Sibley College 
work is of such a nature, and the 
time devoted to it so scheduled 
that late night hours become in- 
evitable, This is true especially of 
the upper classes. The great num- 
ber of reports which have to be 
written up, involving long and te- 
dious calculations, are done in most 
cases in one or two sittings. This 
of course is wrong, but still the ma- 
jority of the men find that more 
work can be done if a job is “stuck 
to” until finished even though it 
takes until morning. If all the work 
that had to be done could be con- 
fined to nine continuous hours of 
work a day then things would be 
different. The students’ work would 
then be more of the character of 
that he would meet in the Engi- 
neering and business world. How- 
ever the demand of athletics and 
other university activities has forced 
the faculty to shorten as far as pos- 
sible the afternoon work. “Eight 
o'clocks,” short lunch hours in 
shop, all eliminate considerable 
time from afternoons. (The Sibley 
Journal of Engineering, May, 1909 ) 
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FIFTY YEARS AGO 
IN THE ENGINEER 


Edited by J. F. Shapiro, ME 61 


We are living in the automobile 
age of road construction, or per- 
haps more strictly speaking, we are 
just entering upon a new era, inas- 
much as the introduction and 
popular use of the auto have put 
before us problems which have 
been overlooked for the ten or 
twelve years previous. 

The evolution of the highway 
in America has been from the 
winding Indian trail, along step by 
step, including the old Post-roads, 
to the beautiful country boulevards 
of today. Not only do we build 
roads for the purpose of transport- 
ing persons and goods from place 
to place, or garden truck from the 
farm to the market, but for pleas- 
ure. They are windows to the soul 
of the State, opening up tracts of 
land in the remote parts, always 
beautiful, but undiscovered, and 
inaccessible until the auto took its 
popular place in the hands of the 
idle rich. (The Civil Engineer, 
May, 1909) 


The bill introduced in the Idaho 
House of Representatives licensing 
engineers was defeated. The gen- 
tleman who spoke against the bill 
characterized it as “forming a cod- 
fish aristocracy with the State En- 
gineer at the head.” (The Civil 
Engineer, May, 1909) 


The time has come for the Senior 
class to step forth from the battle 
of the books and begin the battle 
of life. Without doubt, in the years 
to come, we shall think with regret 
of the care-free days of our college 
lives. Yet now there is scarcely one 
who is not anxious for the real 
work to begin and to find out what 
the future has in store for him. 

... On taking up a position, we 
shall find that our real education in 


engineering has only begun. The 
theories which we have been 
taught at college have been suffi- 
cient for us to at least grasp any 
problem we may have to face, but 
the difficulty now lies in making 
these theories successful in prac- 
tice. Some will succeed, others fail. 
Possibly some of those who fail 
will be among the ones who made 
the highest marks in college. As 
expressed by one of our alumni, it 
is breadth of mind, and not breadth 
of knowledge, which counts for 
success in life.—(The Civil Engi- 
neer, May, 1909) 


Work on the Manhattan Bridge 
across the East River, New York, 
is progressing in such a satisfactory 
manner that it will probably be 
opened for foot-passenger and ve- 
hicular traffic by the close of the 
present year. So far the four wire 
cables, 21% inches in diameter, have 
been strung, and the suspender 
cables placed in the cast steel sad- 
dles. All the steel for the structure 
has been stored in the local yards. 
The bridge when completed will 
be the largest and heaviest ever 
built. It will carry a 35-foot road- 
way and two 11-foot sidewalks. On 
the same deck provision is made 
for four surface trolley tracks. On 
the upper deck there will be four 
rapid transit tracks. (The Cornell 
Civil Engineer, April, 1909) 


Dean Haskell has made the fol- 
lowing rules regarding the smoking 
room: 

1. Windows must be kept open. 

2. Feet must be kept off the 
tables. 

3. Cuspidors shall only be used 
for the purpose for which they are 
made and not as waste paper bas- 
kets, etc. (The Cornell Civil Engi- 
neer, October, 1908) 
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A man boarded a pullman and 
gave the porter $5 to wake him 
when the train reached Podunk at 
4 A.M. “Now, porter, I'm a very 
heavy sleeper, so you may have to 
drag me out of the berth, put my 
clothes on me, and carry me out to 
the platform. And no matter how 
much I resist, don’t pay any atten- 
tion.” 

Next morning the man awoke 
to find himself in New York. Boil- 
ing mad, he sought out the porter 
and roundly cussed him out. 

The porter shook his head in ad- 
miration. “Boss, you sho’ has got a 
temper, but it ain’t nothing to com- 
pare to the gent’man’s that I put 
off the train this mornin’ at Po- 
dunk.” 


Q o ° 

“So your boy’s at college! What's 
he going to be when he gets 
through?” 

“Senile.” 

° o o 

Ist Korean Vet: “And there we 
were on top of that shell-torn hill, 
fighting for our very lives, odds 
200 to one.” 

2nd Korean Vet: “Boy that must 
have been rough.” 

Ist Korean Vet: “You said it. 
That was the meanest Chinaman I 
ever saw.” 

e ° ° 

The bandaged CE who lay in 
the hospital bed spoke dazedly to 
his visiting pal. 

“What happened?” 

“You absorbed too much _ last 
night and then made a bet you 
could fly out the window and 
around the block.” 

“Why didn't you stop me?” 
screamed the beat-up student. 

“Stop you, man,” said the other. 
“L had $25 on you.” 


bed ° ° 


A minister, making a call, and 
his hostess were sitting in the par- 
lor when Junior came running in, 
carrying a dead rat. 

“Don't worry, Mother, it’s dead. 
We bashed him and beat him 
until—”, and noticing the minister 
for the first time, he added in a 
lowered voice—“until God called 
him home.” 
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S outstanding design SERIES 


brings ‘em back alive 


Today’s burning problem in space flight is how 
to ease a rocket safely back to earth, without being 
consumed by the metal-melting friction of our dense 
atmosphere. Design Engineer Carl J. Rauschenberger’s 
ingenious suggestion is a pair of wings, locked fot 
ward at blast-off, later folded back into flying position 
(insert) by hydraulic cylinder controls for a slow, safe 
descent. Mr. Rauschenberger also envisions a retract 
able glass nose cone, heatproof to withstand the take- 
off, drawn back to admit air to a jet engine on the 
return flight. 

This outstanding solution to a timely design 
problem may already exist in working drawings on 
somebody’s drafting board, or even in mock-up form. 
But whether a project is developed today, tomorrow 
or the year after next, it will always be important to 
shape ideas into realities with the best of drafting tools. 

In pencils, of course, that means Mars, long the 
standard of professionals. Some outstanding new prod 
ucts have recently been added to the famous line of 
Marts-Technico push-button holders and leads, Lumo 
graph pencils, and ‘T'radition-Aquarell painting pencils. 
These include the Mars Pocket-T’echnico for field use; 
the efficient Mars lead sharpener and “Draftsman” 
pencil sharpener with the adjustable point-length fea 
ture; Mars Lumochrom, the color-drafting pencils and 
leads that make color-coding possible; the new Mars 
Non-Print pencils and leads that “drop out” your 
notes and sketches when drawings are reproduced. 


The 2886 Mars-Lumograph drawing ¢ 

grees, EXEXB to 9H. The 100) Mar 
push-button lead holder. 1904 Mars-Lumograr 
imported leads, 18 degrees, EXB to 9H. Mar 


Lumochrom c r-drafting pencil, 24 « rs. 
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at all good engineering and drawing material suppliers 
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Though the building is not yet built, this 
is a view from one of the apartments 


How to look out a window before the building is up 


With 180 “view”apartments 
to sell, the developers 

of The Comstock 

turned to photography 

to get a jump on sales 


A feature of The Comstock, San 
Francisco’s new co-operative apart- 
ments on top of Nob Hill, will be 
the spectacular panoramic views 
of the Bay area from their picture 
windows. 

How could these views be spread 
before prospective buyers —before 
the building was up? The devel- 
opers, Albert-Lovett Co., found the 
answer in photography. From a 
gondola suspended from a crane, 
color photos were made from the 
positions of the future apartments. 


Now, the sales representative not 


only points out the location of a 
possible apartment on a scale 
model, but shows you the view 
from your window as well. 
Photography rates high as a 
master salesman. It rates high in 
other business and industry tasks, 
too. The research laboratory, the 
production line, the quality control 
department and the office all get 
work done better and faster with 
photography on the job. 
Whatever your field, you will 
find photography can save you 


time and cut costs, too. 


EASTMAN KODAK COMPANY, Rochester 4, N. Y. 





CAREERS WITH KODAK 


With photography and photographic proc- 
esses becoming increasingly important 
in the business and industry of tomorrow, 
there are new and challenging opportu- 
nities at Kodak in research, engineering, 
electronics, design and production. 


If you are looking for such an inter- 
esting opportunity, write for infor- 
mation about careers with Kodak 
Address: Business and Technical 
Personnel Dept., Eastman Kodak 
Company, Rochester 4, N. Y 
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General Electric interviews 
Dr. Richard Folsom, President of 


Rensselaer Polytechnic Institute, 


to explore... 


Teaching— 
A Career Opportunity 
For the Engineer 


Leading educators, statesmen and in- 
dustrialists throughout the country are 
greatly concerned with the current 
shortage of high-caliber graduates who 
are seriously considering a career in the 
field of science or engineering educa- 
tion. Consequently, General Electric has 
taken this opportunity to explore, with 
one of America’s eminent educators, the 
opportunities and rewards teaching of- 
fers the scientific or engineering student. 
Q. Is there in fact a current and con- 
tinuing need for educators in technical 
colleges and universities? 

A. Colleges and universities providing 
scientific and engineering educational 
opportunities are hard pressed at the 
present moment to obtain the services 
of a sufficient number of well-qualified 
teachers to adequately carry out their 
programs. Projected statistical studies 
show that this critical need could ex- 
tend over the next 15 or 20 years. 

Q. Why is this need not being met? 

A. There are probably three main rea- 
sons. These might be classed under con- 
ditions of financial return, prestige as- 
sociated with the position, and lack 
of knowledge and understanding on the 
part of the college student of the ad- 
vantages and rewards teaching as a 
career can afford. 

Q. What steps have been taken to make 
education a more attractive field to en- 
gineering students? 

A. Steps are being taken in all areas. 
For example, we have seen a great deal 
in the newspapers relating educators’ 
salaries to the importance of the job 
they are doing. Indications are that 
these efforts are beginning to bear fruit. 
Greater professional stature is being 
achieved as the general public under- 
stands that the youth of our nation is 
the most valuable natural resource that 
we possess ... and that those associated 
with the education of this youth have 


one of the most important assignments 
in our country today. 

Q. Aside from salary, what rewards can 
a career in education offer as opposed 
to careers in government or industry? 
A. The principal rewards might be free- 
dom to pursue your own ideas within 
the general framework of the school, in 
teaching, research and consulting activ- 
ities. As colleges and universities are 
normally organized, a man has three 
months in the summer time to engage 
in activities of his own choice. In addi- 
tion, the educator is in direct contact 
with students and he has the satisfac- 
tion of seeing these students develop 
under his direction ... to see them take 
important positions in local and na- 
tional affairs. 

Q. What preparation should an en- 
gineering student undertake for a teach- 
ing career? 

A. In college, the engineering student 
should obtain a basic understanding of 
science, engineering science, humanities 
and social sciences with some applica- 
tions in one or more professional en- 
gineering areas. He should have fre- 
quent career discussions with faculty 
members and his dean. During graduate 
work, a desirable activity, the student 
should have an opportunity to do some 
teaching. 

Q. Must an engineering student obtain 
advanced degrees before he can teach? 
A. It is not absolutely necessary. On the 
other hand, without advanced degrees, 
advancement in the academic world 
would be extremely difficult. 


Q. How valuable do you feel industrial 
experience is to an engineering or scien- 
tific educator? 


A. Industrial experience for a science 
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educator is desirable; however, with a 
senior engineering educator, industrial 
experience is a “must”. An ideal en- 
gineering educator should have had 
enough industrial experience so that he 
understands the problems and responsi- 
bilities in carrying a project from its 
formative stages to successful comple- 
tion, including not only the technical 
aspects, but the economic and personal 
relationships also. 

Q. What do you consider to be the op- 
timum method by which an educator can 
obtain industrial experience? 

A. There are many methods. After 
completion of graduate school, perhaps 
the most beneficial is a limited but in- 
tensive work period in industry. Con- 
sulting during an academic year or 
summer is a helpful activity and is 
desirable for older members of the 
staff. Younger educators usually need 
experience in “living with the job” 
rather than providing consultant’s ad- 
vice to the responsible individual. 


Q. Based on your experience, what per- 
sonal characteristics are possessed by 
successful professors? 

A. Primarily, successful professors have 
an excellent and growing knowledge of 
their subjects, are interested in people, 
and transmit enthusiasm. They have an 
ability to explain and impart informa- 
tion with ease. They generate ideas and 
carry them out because they are de- 
voted to developing their fields of 
knowledge. They desire personal free- 
dom and action. 

For further information on challenging 
career opportunities in the field of 
science and engineering education, write 
to: Mr. W. Leighton Collins, Secretary, 
American Society for Engineering Educa- 


tion, University of Illinois, Urbana, Ill. 
959-10 





